Studies on the Surface Plasma Membranes of Echinococcus granulosus by Ali, Afsar
STUDIES ON THE SURFACE PUSMA MEMBRANES 
OF 
Echinococcus granulosus 
DISSERTATION SUBMITTED FOR THE DEGREE OF 
fiSiuittv of $l)tIo£iopl|p 
IN 
ZOObOGY 
BY 
AFSAR A M 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1991 
2 7 AP.-^  1994 
DS2116 
Studies on the surface 
plasma membranes 
of 
Echinococcus granulosus. 
Dissertation submitted for the degree of 
Master of Philosophy 
in 
Zoology 
by 
Afsar Ali 
Section of Parasitology Department of Zoology 
AUgarh Muslim University, Allgarh 
December, 1991 
BY INSTANT LASER SYSTEMS 
Dedicated 
to 
My family members and teachers who helped 
in laying the foundation of my academic life 
WAJIH A- NIZAMI 
M.Sc, M Phil. Ph.D. 
ALIGARH MUSLIM 
SECTION OF PARASITOLOGY 
DEPARTMENT OF ZOOLOGY 
ALIGARH-202002 (INDIA) 
UNIVERSITY PHONES I DEPT. (0S7I) 2S646 RES (0571)23207 
Date. 
This Is to certify that the dissertation entitled "Studies on 
the Surface Plasma Membranes of Echlnococcus granulosus' submitted 
by Mr.Af8«r All. embodies original work done by the candidate himself. 
The entire work was carried out under my sup>ervlsion and that I allow 
him to submit the same m partial fulfilment of the requirements for the 
degree of Master of Philosophy In Zoology of this University. 
Prof. W^. ^Izami 
(Supervisor) 
\CONTENTS 
Acknowledgements (1) 
List of tables ( U ) 
List of figures I lU ) 
List of plates (1V ) 
Abbreviations used ( V ) 
Introduction 1 
Historical Review 7 
Materials & Methods , T. % 
Results 30 
Discussion 65 
Summary 75 
Bibliography jn 
I wish to express deep sense of gratitude to my Supervisor Prof. W. A, Nizami 
for his diversified guidance, encouragement and exuberant style of inspiration 
throughout the course of this study. Infact it was a great privilege to work under his 
guidance. 
I am indepted to Prof. M. M. Agarwal Chairman^ Department of Zoology for 
providing necessary laboratory facilities . 
Sincere thanks are also due to my lab colleagues Dr. S. M. Abbas Abidi, Dr. 
Parveen Khan, Mr. Malik Irshadullah* Mr. Mohd. Khalid Saifullah, Mr. Gul 
Ahmad, Miss Nazneen Bano Khan, Miss Gulshan Zia. for their help at every 
stage. 
Thanks are also due to Mirza Rais Baig for efficiently maintaining the experi-
mental animals and typing the manuscript, to Mr. H. AkhterNaqvi and Shaukat All 
Khan for formatting and printing, to Mr. Mujtaba for photogarphy, Mr. 
Sameeuddin and Mr. Abdul Kalam for collection of parasites. 
Finally the financial assistance provided by DST and UGC, New Delhi, is 
gratefully acknowledged. 
(AfsarAli) 
(I) 
List Of tables Page No. 
1. Prevalence of E. gmnulosus In India. ^ 
2. Protein recovery, LDH and SDH contamination in the pellet 31 
Isolated after TX 100 treatment of lung and liver origin protoscoleces. 
3. Quantitation of membrane bound marker enzymes in surface 33 
plasma membranes and total homogenates of lung and liver origin 
protoscoleces. 
4. Major biochemical components of surface plasma membranes 37 
of protoscoleces Isolated from lung and liver. 
5. Lipid fractions of surface plasma membranes of protoscoleces 
isolated from lung and liver. 
6. The phospholipid and cholesterol ratio In surface plasma *>0 
membranes of protoscoleces Isolated from lung and liver. 
7. The phospholipid fractions of surface plasma membranes of ^' 
protoscoleces Isolated from lung and liver. 
8. The number of polypeptides as revealed by SDS gradient PAGE 45 
stained with CBB R 250 stain. 
9. Standsu-d low molecular weight marker proteins, their mol. wt. /^ 7 
and Rf values. 
10. Characterstlc polypeptides of membrane of lung and liver 
origin protoscoleces. 
11. The number of polypeptides as revealed by SDS gradient PAGE. ^ 51 
sliver staining. 
12. Number of antigenic polypeptides In lung and liver 57 
origin protoscoleces. 
13. Antigenic polypeptides oftotalhomogenate and membrane 63 
of protoscoleces. with their apparent molecular weight. 
49 
(TI ) 
List of figures Page No. 
1 - Isolation procedure of surface plasma membranes '19 
of protoscoleccs. 
2 - Activity of LDH and SDH in membranes and total 32 
homogenates of lung and liver origin protoscoleces, 
3 - Activities of Alkaline phosphatase. Acid phosphatase, ATPase 34 
and 5' nucleotidase In membranes and total homogenates of lung 
and liver origin protoscoleces. 
4 - Activity of Y - Glutamyl transpeptidase in membranes and total 35 
homogenates of lung and liver origin protoscoleces. 
5 - Lipid fractions of surface plasma membranes of lung and 39 
liver origin protoscoleces. 
6 - Phospholipid fractions of surface plasma membranes of lung and 42 
liver origin protoscoleces. 
7 - Standard calibration graph of protein markers and their Rf values. 46 
8 - Densitometric scan of marker proteins separated by 4§ 
SDS gradient PAGE. 
9 - Line digram of stained polypeptides and immunoblot of lung 55 
origin protoscoleces. 
10 • Line diagram of stained polypeptides and immunoblot of 56 
liver origin protoscoleces. 
11 - The presence and abence of membrane antigenic polypeptides of 5g 
lung origin protoscoleces. 
12- The presence and absence of homogenate antigenic polypeptides 59 
of lung origin protoscoleces. 
13 - The presence and absence of membrane antigenic poljrpeptides of 60 
liver origin protoscoleces. 
' 14 - The presence and absence of homogenate antigenic polypeptides of 61 
liver origin protoscoleces. 
(Il l) 
List of plates Page No. 
1. Eosin exclusion test showing the differences In live 17 
£ind dead protoscoleces. 
2. Protein profile of protoscoleces as revealed by SDS gradient 44 
PAGE. CBB R 250 staining. 
3. Protein profile of protoscoleces as revealed by SDS gradient . 50 
PAGE, silver staining. 
4. Immunoblot and stained polypeptides of lung origin protoscoleces. 53 
5. Immunoblot and stained polypeptides of liver origin protoscoleces. 54 
ilV) 
Abbrivfatlona un^fi 
AgNOg 
APS 
ATP 
BSA 
CBBG-250 
CBBR-250 
DTT 
h 
HBSS 
HBSS-T 
KD 
L 
M 
mA 
Mln 
mM 
Mr 
nM 
PAGE 
PBS 
PBS-T 
pnp 
Rf 
rpm 
SDS 
SDS-PAGE 
TCA 
TEMED 
ul 
(v/v) 
(w/v) 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
=: 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
Silver nitrate 
Ammonium persulphate 
Adenosine triphosphate 
Bovine serum albumin 
Commassle Brilliant Blue G 250 
Commassle Brilliant Blue R 250 
Dlthlothreltol 
hour 
Hanks balanced salt solution 
Hanks balanced salt solution with 25 mM trls HCl buffer 
Kllodalton 
Litre 
Molar 
Mill Amps 
Minute 
Mill Molar 
Molecular weight 
Nano meter 
Polyacrylamlde gel electrophoresis 
Phosphate buffered saline 
Phosphate buffered saline containing Tween-20 
Paranitrophenyl phosphate 
Relative mobility 
Revolution per minute 
Sodium dodecyl sulphate 
Sodium dodecyl sulphate polyacrylamlde gel electrophoresis 
Trlchloro acetic acid 
Tetramethyl elhylenediamine 
microlltre 
Volume / Volume 
Weight / Volume 
( Y ) 
IINTRODUCTION 
Echlnococcus gmnulosus Is acyclophylUdlan. hermaphrodite. 3-4 segmented cestode 
of about 2-6 mm length. In deflnitwe hosts (dogs and other canlnesl the adult parasites 
Infect the upper part of small mtestine (ileum). The gravid segments containing fully 
developed eggs, pass out with the faeces. Various Intermediate hosts.llkc buffaloes, sheep, 
goats, camels, pigs, horses acquire the infection during grazing on contaminated pas-
tures. Man may also be infected accldently due to close proximity with infected dogs. 
Hatching of the eggs takes place in the small Intestine of the Intermediate host. The 
released hexacanth migrates to different parts of the body either through lymphatic or 
blood circulatory system .The Uver and lungs act as first and second filter organs 
respectively, and probably for the same reason, these organs are most frequently found 
infected. The hexacanth can lodge Itself In any organ of the body. Thereafter.the asexual 
phase of reproduction starts, resulting in the formation of a fluid filled cyst, known as 
hydatid cyst. A hydatid cyst may either be fertile or sterile, depending upon the presence 
or absence of protoscoleces respectively. Some of the cysts may also be calcified. The 
protoscoleces which are produced by the germinal membrane of the cyst by asexual 
multiplication are the infecUve stage for the deflniUve host. Hydatldosis being a cyclozo-
onotlc disease of cosmopolitan distribution, has a great economic and public health 
Importance and is responsible for morbidity and mortality of the hosts. Due to long 
prepatent period the clinical symptoms appear In the later phase of the disease, and slow 
prognosis leads to significant loss of man power potential. The growth rate of hydatid cyst 
varies with respect to the host species, age of the host, and to the geographical region. 
Once the Intermediate host acquires infection, it remains undetected until the appear-
ance of cllnclal manifestations. Due to the limitations of conventional diagnostic methods 
the possibility of successful diagnosis Is remote. However, recent techniques like ultra-
sonography, radio Isotope scanning. Intravenous vlscerography and computer - assisted 
tomography (CAT) etc. can detect hydatid cysts In early stages but the techniques are 
expensive and also not available in Indian rural areas. Chemotherapeutlc treatment ofliy-
datldosls with some recent anthelmintics has shown to be of limited success. Therefore, 
surgery Is the only alternative treatment but. In many cases even surgery falls, particu-
larly when multiple cysts are present Involving several organs. Hence an early detection 
and diagnosis Is Imperative for the application of an effective control measure. 
As mentioned earlier hydatldosLs Is of great economic Importance because It severely 
affects the livestock of our country. India being an agricultured country, animal hus-
bandry alone contributes about 18% of the total agricultural output to our nationtd 
economy (Rs. 10.86.40 million out of 60.49.30 million ) during 1984-85. It has been 
estimated that the domestic animals provide 32% of total energy requirement for the rural 
areas in various forms like transportation. Irrlgation.energy production etc. Besides 
agricultural Importance livestock form the main resource for various agro-based indus-
tries like milk. meat, leather industry etc. Though India has the highest cattle population 
as compared to any other country but due to the lack of proper care and management, the 
livestock falls to contribute to the national economy to its maximum potential as is 
expected. Poor animal health is one of the factors for this meagre output. 
Among the various microbial, protozoan and helminth Infections, hydatldosis Is one 
of the major problems responsible for poor health and high mortality of livestock. This 
adversly affects the quality arid quantity of various dairy products causing tremendous 
economic loss. In India hydatldosis has been reported from various parts of the country 
( Table I). According to Ramazanov et al.. (1978) 7% loss in milk production was noticed 
in animals Infected with hydatldosis. A recent survey carried out from this laboratory 
mdicates that in U.P. prevalence of this disease \n human beings as well as in livestock is 
showing an Increasing trend (Irshadullah et al.. 1989a. b). As mentioned earllar. cysts 
occur In different forms and fertile cysts having protoscoleces are more slgnlflcant for the 
completion of life cycle and for perpetuation of the infection. Once the intermediate host 
gets the infection, the extent of pathological damage is same irrespective of the nature of 
cyst. 
In view of the growing Importance of this disease it is essential to have a complete 
back ground of the metabolism and biological organization of this parasite. In recent years 
Table 1 :.Prevalence of £. granulosus in domestic food animals in Indl^ . 
Number of animals examined and percentage infected 
Location 
of study 
Ludhiana* 
Bareilly'' 
Bareilly' 
Jaipui^ 
Patna' 
Patna/ 
Ranchi' 
KurnooM 
Bangalore'* 
Bangalore' 
Trichui^  
Aligarh" 
Buffalo Cattle 
No. 
EXAM 
156 
605 
928 
144 
91 
1556 
No. 
INF 
14 
198 
130 
57 
30 
565 
% 
INF 
8.9 
32.7 
11.1 
40.0 
33.0 
36 
No. 
EXAM 
79 
192 
788 
208 
761 
No. 
INF 
6 
117 
491 
112 
270 
INF 
7.6 
60.9 
62.3 
53.8 
35.5 
Sheep 
No. 
EXAM 
328 
386 
220 
216 
1177 
705 
109 
No. 
INF 
17 
18 
5 
18 
256 
18 
6 
% 
INF 
5.1 
4.6 
2.3 
8.3 
21.8 
2.6 
6 
Goats 
No. 
EXAM 
315 
362 
360 
1460 
731 
1045 
1208 
No. 
INF 
9 
11 
21 
102 
124 
11 
20 
% 
INF 
2.8 
3.0 
5.8 
6.9 
17.0 
1.1 
2 
Pigs 
No. 
EXAM 
357 
434 
65 
559 
No. 
INF 
8 
33 
5 
v5 
INF 
2.2 
7.6 
7.7 
1 
Rererer 
a -
b -
c -
d -
e -
f -
ices : 
Deka et al.. 1983 
GUI & Rao. 1967 
Varma, 1978 
Mathur & Khanna. 1978 
Prasad & Prasad. 1980 
Prasad .1981 
g - Reddvetal..l968 
h - Rao & Mohtyuddin, 1976 
i - Hedge jiLaL 1975 
J - Abraham et ail.. 1980 
k - Irshadullah et al.. 1989 
the pertaining literature on various aspects of this parasite has t)een comprehensively 
reviewed by Thompson (1986) and Smyth and McManus 11989). Due to the absence of 
Intestinal caecae In hydatid parasite, the tegument assumes slgnlflcant Importance as it 
Is mainly Involved In transmembranosls. It forms the host-parasite Interface, which has 
been regarded £is the region of chemical Juxtaposition where regulatory mechanism of 
both host and parasite occur. Such intimate contact between host and parasite allows 
various components to move across the interface. Therefore the surface membrane of 
parasites constitutes a primary component of host - parasite interface. 
The tegument consists of an outer anucleated syncltlal layer which gives rise to deli-
cate cytoplasmic extensions known as mlcrotriches. The outer anucleated syncltlal layer 
is contributed by the inner nucleated layer which comprises the tegumental cells and 
other cellular organelles. A microthrlx has bipartite structure which increases the surface 
area for various physiological processes. It is externally covered by the plasma membrane 
which is mvolved in many physiological processes including the absorption of nutrients 
from the immunologically hostile micro environment. Extracellular digestion may also 
occur distally to the surface membrane through the action of membrane bound enzymes. 
In addition to this, surface plasma membranes are also involved in protection from host 
digestive enzymes, immunological attacks, and in excretion and transport of a large 
number of solutes by a variety of absorption mechanisms (dlflusion. active transport 
plnocytosls etc.) Such vectorial functions depend on the morphological, enzymatic and 
functional assymetry of the apical and basal plasma membranes. The surface membranes 
of helminths are known to be covered with an unstirred layer which Includes the 
glycocalyx. The glycocalyx consists primarily of polyionic proteins containing both 
catlonlc and anionic binding sites, and various ionic components of host origin are 
adsorbed to the glycocalyx by electrostatic Interactions. The ionic components include 
immunoglobulins, bile salts, ionic molecules of higher molecular weight, polyionic 
molecules etc. Adsorption of antibodies represent a protective function while other 
adsorbed macromolecules may be of metabolic importance. Further, the glycocalyx may 
act as "cation exchange resin" by concentrating those cations which are necessary to 
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maintain maximum enzyme activity (Lumsden. 1972). The glycocalyx of helminths is the 
product of underlying cells. Therefore, a variety of biochemical processes like absorption, 
digestion, "protection" and "information transfer" occur at the host parasite interface of 
helminths. Each of these processes plays a vital role in maintaining the parasitic mode of 
life, but the more Important function Is the integration of these processes that have led to 
the ability of parasite to compete for resources effectively with the hosts. Since external 
surfaces of helminths are covered with plasma membranes, all the physiological proc-
esses occur primarily at this selective permeable membrane which Is Important in 
excluding non-metabolizable substrates or allowing for the absorption of necessary 
cofactors. 
Being the outer most covering, plasma membrane of the parasite is exposed to host 
proteose en2yme and lethal immune system, however, helminths are known to inhibit 
the activity of proteolytic enzymes by secreting antienzymes. Similarly when E. histolytica 
was treated with specific antibodies, they bind with surface antigens causing redistribu-
tion, capping, and release of immune complexes ( Calder6n and Avlla. 1986). Surface 
antigen turnover as reported in Typanosomes and F. heptica. is one of the Important 
factors for host Immune evasion mechanism. Such strategies of adaptations could be for 
better survival of parasite In hostile micro-environment. 
Recent studies on hydatidosls from different parts of the world indicate that this dis-
ease assumes different dimensions in various geographical regions. Epidemiological 
survey of the livestock and human population suggests that different canine hosts are 
Involved In completion of the life cycle. Differences in biochemical composition and 
metabolism, in vlyo and in vitro development, protein and isozyme profile as well as Dr4A 
profile In the protoscoleces Isolated from different hosts and In same host from different 
geographical regions suggest that this parasite has different strains. Further genetically 
different types of protoscoleces have been reported from two different cysts of the same 
host ( Lymbeiy and Thompson 1989). The development of new strain poses a serious 
problem in designing a single effective control programme. 
Due to the importance of hydatidosls as a health hazard and in our economy, it w£is 
decided to investigate some aspects related to the membrane biology of this parasite. As 
mentioned earlier the surface plasma membrane is a primary target for both chemother-
apeutic and immunological control. Therefore, in the present study, protoscoleces of lung 
and liver origin of buffalo were selected for the isolation of surface plasma membranes 
which were characterized by blo-chemical composition, membrane bound 
enzymes.protein profile. Its antigenic components were also analysed In order to see the 
differences induced by the different habitats. 
IISTORICAL REVIEW 
Realizing the Importance of surface plasma membranes in the parasitic mode of 
life.parasitologists are now paying more attention to its study in order to understand the 
delicate host-parasite relationship at molecular level. Available literature on surface 
plasma membranes clearly reveals that most of the studies are confined to only limited 
number of species of parasites like S. mansonl, Hymenolepls mtcrostoma.Sptrometra Spp. 
Different workers have devised and used various techniques, to isolate the surface 
plasma membranes from helminth parasites. Some common techniques, like detergent 
treatment, fireezlng/ thawing, and buffers and salines have been used for the Isolation of 
membranes. Detergents are amphiphilic compounds that have the property to disrupt the 
blolc^cal membranes by dissolving the lipid framework. Among the various detergents. 
Saponin. Digitonm. and Triton XI00 were commonly used. 
S A P O N I N : it is a non ionic and one of the most commonly used detergents, for the 
Isolation of surface plasma membranes. (Kusel,1972) Isolated the surface plasma mem-
brane of S. mansonl using 0.5 % saponin in 3 % calcium chloride. According to him 
saponin alone caused considerable fragmentation in membranes. He also observed that 
there Is a considerable disorganization within and below the muscle layer, but the 
basement membrane remained Intact. Further, the membrane yield was compared with 
the membranes isolated by freezmg and thawing. Isolates from both techniques showed 
similar configuration at ultrastructrual level. The purity was monitored by radloiodina-
tion. transmission electron microscopy, protein polymorphism and also by the analysis of 
chemical compositon. Further. Cordeiro and Gazzinelli,(1979) have isolated the surface 
membranes of immature and mature schistosomes by using 0.5 % saponin. To remove the 
detergent they have exhaustively dialysed the isolates containing surface membranes 
against cold water at 4*'C to avoid any interference in electrophoresis. Finally the 
membranes were lyphollzed and then characterized by SDS polyacrylamide gel electro-
phoresis (SDS - PAGE) 
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Podesta and McDlarmld (1982) have Isolated the surface epithelial syncltlum of S. 
mansonl using 0.5 % saponin, the Isolated membranes were characterized by estimating 
the membrane bound ATPasc activity and by electron microscopy. Noftl and Soares De 
Moura (1986) have also Isolated the surface membranes of S. mansont foUosylng the 
methods as described by Podesta and McDlarmld (1982). Two different centrlfugatlon 
protocols were used. The tegumental material was Initially centrlfiiged for 5 mln at 500 x 
g to remove debris, and then the supernatant was centrlfuged sequentially for 10 mln at 
lOOOxg. 15 mln at 10.000xg.30mlnat 30.000 xg and finally at 100.000 xg for Ih. The 
four pellets, referred as Tj.T .^Tj and T^  respectively were obtained. In the second protocol 
tegumental material was first centrlfuged for 5 mln at 100 x g. then for 30 mln at 10.000 
X g to obtain membrane pellet (T )^. The (T^ ) fraction was approximately equal to the sum 
of T, and T^  fraction. Further, saponin was also used for the Isolation of surface plasma 
membrane of two amphlstomes, namely Gastrothylax crumenijer and Glgantocx)tyl expla-
natum, and the membranes were characterized by electron microscopy and membrane 
bound marker enzymes. The enzymes lactate dehydrogenase (LDH) and succinic dehydro-
genase (SDH) were used to check the cytosollc and mitochondrial contaminations 
respectively. It was found that saponin gives appreciable yield of surface plasma mem-
branes with least contamination ( Khan 1991 ). In addition to this saponin has also been 
used for the isolation of surface plasma membranes from cestode parasites (Oaks £i 
^. .1977; Cain etal.. 1977: Rahman etal..l981 a,b.: McManus and Barrett. 1985; Podesta 
et al.. 1986), These authors (loc. clt) used saponin In different concentrations and 
treatment times. The enriched membrane pellets were mostly characterized by transmis-
sion electron microscopy and by membrane bound marker enzymes like 5'nucleotldase. 
acid and alkaime phosphatase, urlcase. ATPase. thiamine pyrophosphatase, glucosidase. 
Various binding agents like concovalln (Con - A).lodosulfanlllc acid etc. have also been 
used for the characterization of surface membranes. The contaminations were monitored 
by succinic dehydrogenase.lactate dehydrogenase and DNA for mitochondrial, cytosollc. 
and nuclear contaminations respectively. 
DiGITONIN: Dlgltonln has also been used for the Isolation of surface plasma membrane 
of helminth parasites. McDlarmld £lal.. (1983) used 0.1 % Dlgltonln for the Isolation of 
outer and inner bllayers of apical membrane complex of S. mansont. The Isolated 
membranes were analysed by electron microscopy and ferritin respectivety. Purity of the 
membrane pellet was monitored by membrane bound marker enzymes like alkaline 
phosphatase, and ATPase for inner, while for outer layer diazotised (I'''"), lodosulfanilic 
acid was used as marker. CytosoUc contamination was monitored by lactate dehydroge-
nase. 
T R I T O N XlOO: U has been frequently used in different concentration for the isolation of 
surface plasma membrane of helminths, Pappas (1983) has comprehensively reviewed the 
various studies carried out on the isolation and characterization of surface plasma 
membranes of H. dlmlnuta. Knowles and Oaks, (1979) have used Triton XlOO with 
different solutions having varying osmolarlties and isolated membranes were pelleted by 
differential centrlfugatlon. Further authors (loc. cit.jcheck the purity of membrane pellets 
by electron microscopy, lectin binding and enzyme assays. It has been found that Triton 
XlOO gives better results as compared to Saponin ( Oaks et al. 1977; Rahman ?t al..l981 
a). When Isolated membranes were characterized by electron microscopy, lectin binding 
and enzyme assays. Triton XlOO treatment followed by osmotic disruption procedure 
revealed that the enzyme activity remained intact without any apparent loss of the 
membrane proteins, particularly in the membranes of H. dlmlnuta, H. nUcrostoma, and 
S. mansonoldes (Knowles and Oaks. 1979 : Pappas and Narclsi,1982 ; Friedman £l 
al.,1980: 1981 ). 
Pappas (1981 ) isolated plasma membrane of S. mansont using Triton XlOO. The iso-
lated membrane and caracasses were characterized by transmission and scanning 
electron microscopy. The isolated membrane material was subjected to differential 
centrlfugatlon at 2500 xg and 30.000 xg. The pellets of low speed centrlfugatlon contained 
maximum membrane components while limited membrane yield was obtained after high 
speed centrlfugatlon (Oaks et al ..1981 ). Further, membrane of S. mansont Isolated by 
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Triton X100 and freezing and thawring technique showed considerable variation in results. 
Triton XI00 induced loss of protein yield and inhibition of alkaline phosphatase activity. 
These results were further supported by scanning and electron microscopy (Roberts £i 
al..l983 ). These authors monitored the contamination by enzyme assay like protease . 
cytochrome oxidase and lactate for gut. mitochondrial, cytoplasmic and endoplasmic 
reticulum contamination respectively, Accordmg to Pappas. (1982) among various non 
ionic detergents, only Triton XI00 was found to be an effective solubllzing agent. 
McManus and Barrett.(1985) isolated surface plasma membrane from horsie origin 
protoscoleces of E. granulosus using Triton X 100. The membrane enriched pellets were 
characterised by TEM. membrsme bound enzymes and protein profile by SDS PAGE . 
BUFFER/SALINES : Besides using detergent for the isolation of plasma membranes, 
many workers have also used buffers and salines. Simpson et al.. (1981) and Casarl et al. 
(1981) have Incubated S. mansonl in phosphate buffered medium (pH 7.4) for 5 mln. at 37 
"C. when parasites settled, the supernatant contalnlg tegumental material was centrl-
fuged at 55.000 x g. The isolated membranes were separated by sucrose gradient 
centrifugation and were found to possess appreciable quantities of membrane bound 
enzymes and further characterised by SDS PAGE . While membrane bound glycoprotein 
were characterised by using (I*^ *) . Con - A, and sructural details were examined by 
electron microscopy . In addition to this Roberts et al. (1983): Kussel et al. (1984): Tailor 
and Wells, (1984): McManus and Barrett (1985) have also used buffer and saline medium 
of different osmolarltles for the isolation of surface plasma membranes of different 
parasites. 
The available literature on the membranes of different organisms reveals that besides 
ultrastructural studies, membranes were also characterised by membrane bound marker 
enzymes and also by the analysis of their biochemical composition. To check the 
enrichment of membranes, various marker enzymes like 5'nucleotldase. ATPase, and 
alkaline phosphatase were analysed. The surface membranes of S. mansonl have been 
investigated by many workers. Podesta and Mc Dlarmld (1982) have separated the 
outword-faclng (OFM) and inword facing (IFM) membranes of S. mansonl. The OFM 
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contained ATPase that was stimulated by Mg^ ' and Na* and was Inhibited by Ca* and 
ethacrynlc acid. Further, this enzyme was not afiected by Ouabln. which Indicates that it 
has similar properties to ATPase of apical plasma membranes of a variety of other 
epithelial cells. The ATPase of IFM was stimulated by Mg*=», Na .^and K* and was Inhibited 
by Ouabln. In another study on S. mansoni, Noel and Soares De Moura (1986) have 
Investigated the Na* K*ATPase of membrane and caracasses after Saponin treatment. The 
authors (loc. clt) have suggested that the membrane bound ATPase is Ouabln sensitive 
and a total of 32 % activity was conflned to the membranes. The surface - plasma 
membranes of S. mansont isolated by Digltonln have also been characterised by mem-
brane bound marker enzymes in both the bllayer (McDiarmid eL.aL 1983).*According to 
them Inner bllayer Is analogous to the typical plasma membranes of other animal 
eplthella. Roberts etal.. (1983) have isolated the surface plasma membranes of S. mansoni 
using different disruption solutions and characterised the membranes by various marker 
enzymes. They observed that alkaUne phosphatase Is the most reliable mafker. The 
available literature on the membrane bound enzymes in isolated membranes of different 
species of Hymenolepls reveal that among the various enzymes, alkaline phosphohydro-
lases are the main enzymatic components associated with the brush border (Gamble and 
Pappas. 1980: 1981 a. b: Pappas 1980:1981: Pappas and Narclsi. 1982). Similarly. ATPase 
activity in surface plasma membrane, irrespective of mode of isolation, has been reported 
in H. mk:rostoma (Pappas and Narclsi. 1982). H. dUminuta (Pappas and Read. 1974: 
Knowles and Oaks. 1979: Rahman t;tai. 1981b: Pappas 1981) and CysUcercus cellulosae 
(Sosa et. al.. 1978). However, Pappas 1983 has pointed out that "It is not known whether 
the 5'nucleotldase and ATPase activity of H. dimlnuta represent distinct enzymes or 
whether the two activity simply represent the sequential hydrolysis of terminal phosphate 
from the nucleotide by a single enzyme". Khan (1991) suggested that 5'nucleotldase . 
ATPase and alkaline phosphatase could be used as first, second, and third primaiy marker 
enzymes for the characterization of surface plasma mebrane of amphistomes. 
In addition to the analysis of membrane bound marker enzymes, various other bio-
chemical components have also been investigated. The membrane of H. dimlnuta, isolated 
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by treatment of Saponin containing 37 % and 21J2 % lipid in brush border and Vesicle rich 
fraction respectively (Cain et. ai.. 1977). Among the various neutral lipids, cholesterol 
contributes a major fraction in brush bwder as well as in vesicles. Whereas glycerides and 
sterol esters were present in small cunount. free tatty acids were present in appreciable 
quantity. Among phospholipids, phosphatidylethanolamine was abundant (63.4 % of 
tQtal polar lipid 1. Khan. ( 1991 ) observed that lipid moieties are higher than protein in 
surface plasma membranes of amphistomes. isolated by Saponin treatment. Further it 
was also noticed that phospholipid and cholesterol are major components of lipid 
fractions. While phosphatldylethanolamme is the major component among phospholipid 
fractions. 
Mills etal..( 1984) have also analysed the lipids and protetos of the surface membrane 
of T. taenlaejormis using Dlgltonm as detergent. They observed that surface membrane 
consists of 52 % protein, and 32 % lipid, the neutral and phospholipid constituting ap-
proximately 40 % each, and 16 % of the lipid was found as glycoUpld. In schtstosomes, 
membrane lipids were analysed with respect to the age of the worm and it was observed 
that at least five types of glycollpids were present, out of which four were highly polar ( 
Roges and McLaren. 1987). In addition to this cholesterol and phospholipids were also 
found. In the phospholipids, phosphatldylethanolamme or its equivalent Rf value fraction 
was observed. 
Protein polymorphism study, of surface plasma membrane of helminth are mainly 
confined toHymenoleplscUnUnuta, Fasclola hepatkxi andSc/iistosoma mansoni At least 10 
glycopeptides and memy CBB R250 stained polypeptides have been demonstrated in the 
membrane fraction of H. dtnUnuta by SDS PAGE. Knowles and Oaks (1979). Pappas. 
(1983). demonstrated 30 polypeptides of molecular weight rangmg from 300 KD to less 
than 14 KD m the same parasite. While Aktinson and Podesta, (1982) obtamed 17 major 
polypeptides of less than 100 KD In Isolated brush border of H. dlmlnuta. 
Besides H. dlmlnuta some other cestode parasites have also been used for the study 
of polypeptide polymorphism of surface plasma membrane. Friedman et al.. (1980) iden-
tilled 20 polypeptides from membrane Isolate of Spfrometra mansonoides spargana. 
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Similarly Mills sLsX' (1984) demonstrated 33 polypeptides of molecular weight ranging 
from 9 to 276 KD from the tegumental surface of Taenia taenlaeformis larvae. In another 
study McManus and Barrett (1985) detected 2-3 Intensely stained polypeptides having 
molecular weight range (Mr. 33-39 KD) along with several other polypeptides ranging from 
« 14 to » 200 KD molecular weights. In the brush border of horse origin protoscoleces of E, 
granulosus. 
Among the trematode group of parasites, protein profiles of surface membranes have 
been extensively studied in S. mansoni. Cordeiro and Gazzlnelll (1979) observe Jthat pol-
ypeptide of isolated surface tegument from adult S. mansoni ranged from 12 to 111 KD, 
and all the major tegumental protein components are glycoprotein hi nature. Simpson £i 
al- (1981) detected many potypeptides in the outer membrane of teguments isolated from 
S. mansoni and observed major polypeptide of molecular weight 135, 110,90,65, 47, and 
40 KD. the glycoprotem fractions show molecular weights of 135, 120, 65 and 63 KD. 
Similarly Levl-SchafFer etal. (1984) analysed 3 major polypeptides of molecular weight 69, 
45 and 12 KD along with numerous minor polypeptide band. In a similar study, Robert si 
^., (1988) mvestlgated the protein and glycoprotein composition of the surface plasma 
membrane isolated from S. mansoni and observed some major polypeptides bands 
corresponding to the molecular weight 175. 100 , 93. 73, 70. 65, 56, 50, 46, 38. 37, 28. 
16.4. 14 and 11 KD by silver staining. 
Lammas etal. (1985) Identified major changes In surface protein profile durfhg devel-
opmental stages of F. hepattca. and found 78. 45.5, 30. 26, 13.5, 13. 10.5 KD molecular 
weight proteins in newly excysted Juveniles. After 7 days post infection (PDI). the 13 KD 
protein disappeared, and 78.30.26 KD proteins no longer expressed on 14 (PDI). Further 
these authors (loc. clt.) correlated these protein profile changes with the variations in 
distribution of TO. Tl and T2 secretory bodies of tegumental syncitlum. Recently Khan 
(1991) demonstrated 33 and 34 distinct band of plasma membrane of O. crumenlfer and 
G. explanatum respectively using SDS-PAGE. 
The foregoing review of the literature on the protein profile study of surface plasma 
membrane clearly indicates that in general, helminths possess many protein moieties as 
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Integral part of the membrane of varied molecular weights. In a particular species the 
polypeptides may change with respect to the development of the parasite. 
It is an established fact that the surface of parasitic helminths are antigenic, but the 
relevance of this observation was fiiUy recognized only after the study of McLaren (1980): 
Phlllpp and Rumjanek (1984): they demonstrated the presence of host like antigenic de-
terminants e.g. blood group antigens, murine and host transplantation antigens, immu-
noglobulin and complement on the surface of adult and larval stages of S. mansoni. 
However Korach and Benex (1966) characterized Isolated lipoprotein antigen from F. 
hepatica by double diffusion (DID) and Immunoelectrophoresis (lEF). For lipoproteins a 
single precipitation arc from homologous antisera and antigen was observed. The release 
of polypeptide antigens in culture medium (Kausel etal.. 1975) and labelled polypeptides 
in phosphate buffered saline (Ruppel. 1978) by adult S. mansoni were found strikingly 
similar with that of the major polypeptides of outer surface membrane. The molecular 
weights of outer membrane polypeptides, membrane antigen released, and the release of 
labelled proteins during the in vitro inculcation of S. mansont were found to be ranging 
from 135-23 and 120 - 12 KD respectively (Simpson etal.. 1981). 
Shah and Ramasamy (1982) observed common surface antigens in cercarlae, schis-
tosomulae and its adult S. mansoni. The surface antigens of S. mansontv/trc radlolabelled 
by lactoperoxldase catalysed lodlnation and analysed by immune precipitation and 
polyacrylamlde gel electrophoresis. Polypeptides of > 150.78.45 and 22 KD were observed. 
In another study Rothmans and Mooji (1982) characterized the KCl cxtractable 
surface antigen of S. mansont by cryotomy using inununofluorescence reaction. The adult 
worms showed that the extracted antigens mainly originated from the tegument and by 
Immunoelectrophoresis against hyper immune sera from immunized mice and rabbit give 
9 and 17 precipitation arcs respectively. Khan. (1991) characterized ^ e antigenic 
component of surface membranes, isolated from G. crumenifer and G. explanatum by DID 
and observed that when homologous hyper immune sera from rabbits were used, two arcs 
for G. explanatum and single arc for G. crumenifer were observed. 
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Further Taylor and Wells (1984) studied the antigen of tegumental surface membrane 
from schlstosomulae. Two dimensional polyacrylamlde gel electrophoresis have been 
used to compare the Isolated membrane peptides with that of lactoperoxlcJase/glucose 
oxidase labelled surface peptides. And a minimum of 35 surface labelled peptides were 
resolved on two dimensional maps and more than 120 peptides were resohred In solu-
bllzed radlo-lsotope labelled membranes. Immunoblot study of antigenic profile of the 
tegumental membrane Isolated from 18 and 96 hours schlstosomulae. cercarlae, revealed 
almost Identical antigenic components ranging from 14 to 116 KD. Besides these studies 
the excretory and secretory antigens of difierent parasites have also been analysed by 
Immunobloting technique usmg the primary monoclonal and polyclonal antibodies (Akao 
£lal- 1990: Ramp£ial- 1987:Petry£lal- 1987). However no Information Is available on the 
antigenic profile of surface membranes of the metacestodes of E. granulosus. In a recent 
study Gottstlen £i al..(1987) obtained difierent antigenic profile of hydatid fluid Isolated 
from different host of different geographical region and In same host of different geographi-
cal regions. 
Thus it can be concluded from the foregoing Uterature that the various membreine 
bound marker enzymes could be used as marker for monitoring the purity of surface 
membranes. The quantitative enzymatic and biochemical differences as noticed In 
parasite membreme of Inter and Intraspeclfic host may be a consequence of adaption to 
parasitic mode of life to different mlcroenvlronment having different biochemical compo-
sition. This variation may he responsible for development of different strains. Secondly the 
helminth surfaces are highly antigenic and composed of different molecular weight 
proteins. It was therefore decided to investigate the various aspects like biochemical 
composition, membrane bound enzymes, protein profile, and antigenicity of surface 
plasma membrane of larval E. granulosus isolated from lung and liver of buffalo. 
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iTERIALS AND METHODS 
Collection of parasites: Hydatid cysts were collected from the liver and lung of the 
buffalo Bubalus buballs, slaughtered at the local abattoir. The Infected organs were 
brought to the laboratory for isolation of the respective protoscoleces. The method of 
isolation was essentially the same as described by Smyth (1979). 'For isolation of the 
protoscoleces. first the surface of the cysts was painted twice with alcoholic Iodine. 
Thereafter, the hydrostatic pressure of the cyst was released by aspirating about 50% of 
the cyst fluid which was transferred to a sterile container. A fine Incision was made in the 
cyst wall with a sharp scalpel and the protoscoleces/brood capsules were collected by a 
pasture pipette and transferred to a 20 ml universal vial containing HBSS pH 7.4. 
Viability test of protoscoleces: The viability of the protoscoleces was determined by the 
following methods: 
Flame cells activity: Pulsating activity of flame cells was observed microscopically in five 
separate replicates as described by Thompson (1977). and the viability of protoscoleces 
stock was calculated 
Eosin exclusion test: (Hanks & Wallace. 1958) Eosin exclusion test was performed by 
applymg adrop of 0.1% aqueous eosin directly onto the protoscoleces on aglass slide and 
observed microscopically. Eosin is not absorbed by live protoscoleces, while dead 
protoscoleces develop pink color due to dlfhision of dye (Plate I). Viability was determined 
by counting the live protoscoleces In five different replicates. If viability of protoscoleces 
was less than 90% then washing was repeated and dead protoscoleces were removed. 
Isolation of surface plasma membrane: First the protoscoleces were incubated at 37 °C 
for 30 min in HBSS pH 7.4 on an electric rotating device to release protoscoleces from 
brood capsules which are often found to be present and then the material was filtered 
through a fine mesh (500 um In diameter) to remove debris and unbroken brood capsules. 
The filtrate containing protoscoleces was transferred to HBSS pH 7.4 in 20 ml universal. 
Plate No. 1 
£osin exclusion test showing the differences In viable and dead protoscoleces. 
Bosln stained dead (Dd) and unstained live (Li] protoscoleces. 
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Washing and detergent treatment of protoscolecea: The protocol followed for the 
washing of protoscoleces. their subsequent treatment with detergent, vortexing, and the 
centrlfugatlon steps for the Isolation of surface plasma membranes are summarized In the 
flow diagram (Fig. 1 ) 
Pellet solublizatlon and sonlcatlon : The flnal pellets of the membrane isolate were 
dissolved In the desired bufler and then sonicated for 3 x 15 sec. at 4° C by using an 
ultrasonic dlslntegrater (Ralsonlc.Indla) fitted with 5 mm probe. The suspension was then 
characterized by analysing membrane bound marker enzymes, major biochemical com-
ponents, polypeptide proflle and by Its potential antigenicity. 
Protein estimation: The total protein concentration was determined by the dye binding 
method of Spector (1978) using Comassie Brilliant blue G 250 (Sigma Chemical Go. USA). 
The Dye reagent contained 0.01 % (w/v) dye. 4.75 % (v/v) absolute ethanol, and 8.5 % (v/ 
t 
v) orthophosphorlc acid. The total assay volume of 1.1 ml comprised 0. 1 ml protein 
sample and 1 ml dye. The absorbance was recorded at 595 nm on Spectronlc 1001, spectro 
photometer (Milton Roy. USA ). The protein concentration was determined with the help 
of previously prepared standard curve using bovine serum albumin (BSA. Sigma Chemi-
cal Co. . USA) as standard protein. 
E^nzyme assays : 
(1) Succinic dehydrogenase (SDH) (B C 1.3.99.1): In order to check the mitochondrial 
contamination, the SDH activity was determined by the method of Prlchard and Schofleld 
(1968) using fumerate as substrate. The total reaction volumes of 3 ml contained 42 mM 
phosphate buffer pH 7.6.33 mM CaCL,. 1.7 mM MgCl^ . 57 uM NADH. 50 ul protein sample 
and 0.45 ml DOW. Reaction was started by the addition of 33 mM fumarate at room 
temperature and total activity was determined by the decrease In extinction at 340 nm for 
12min. 
(2) Lactate dehydrogenase (LDH) (E C 1.1.1.27): For cytosolic contamination, the LDH 
activity was determined by the method of Bergmeyer and Bernt (1974) using sodium 
pyruvate as substrate (Sigma Chemical Co. USA) . Total volume of 3.15 ml of assay 
Ptrocessed Proitoscoieces 
(washed In HBSS DH 7,4 3 x 10 min) 
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(washed In HBSS-Trls pH 7.4, i x 10 mln) 
Tirea^menit with deHeorgentt 
1 ml packed volume ;Q ml 0.2% Triton x 100) 
at 4 C - 10 mln (100 to 150 cycles/min) 
(GO sec.) 
150 X g, 5 mln 
Caracasd 
Discarded Supernatant Centrlfuged,{l8,000 X o - 15 mln) 
auparnatant 
Discarded 
Pallet 
resuspended In Trie HCI pH 7,4 
I 
cantrlfuged 
18,000 X g - ihr Supernatant 
Discarded Membranea pellet 
FIg. l - Flow diagram for the isolation of surface plasma membranes 
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mixture contained 48 mM phosphate buffer pH 7.5, 0.6 mM sodium pyruvate, 0.18 mM 
NADH. 0.1 M Trls-HCl pH 7.0 and 0.02 ml protein sample. The reaction was started by the 
addition of NADH. and change In extinction was recorded at 340 nm for 3 mln. 
Enzyme actlvltv! LDH and SDH enzymes activities are expressed In umoles of 
NADH oxidized/ mg protein/ minute. 
(3) Acid Phosphatase (E C 3.1.3.2.): Enzyme activity was determined by the methods 
£is described by Bergmeyer et al.ll974) using p-nltrophenyl phosphate as substrate. The 
total reaction volume of 1.1 ml comprised 0.05 M acetate buffer pH 5 containing 8 mM p-
nltrophenyl phosphate (pnp) , 0.05 M Trls-HCl pH 7. and 0.02 ml protein sample. Tlie 
reaction mixture was incubated for 30 mln at 37 "C. Thereafter reaction was stopped by 
the addition of 8.9 ml of 0.02 N NaOH. The liberated p-nltrophenol was measured at 410 
nm. 
(4) Alkaline phosphatase (E C 3.1.3.1.): Enzyme activity was determined by the method 
as described by Bergmeyer etal.f 1974) using same substrate as \n acid phosphatase. Total 
volume of reaction mixture was 1.2 ml comprising 1 ml. 0.05 M glycine -NaOH buffer pH 
9.5 contammg 5 mM substrate.0.02 ml of protein sample and total volume was adjusted 
by Trls-HCl pH 7.0 buffer . Reaction mixture was Incubated for 30 mln at 37 "C and 
thereafter the reaction was stopped by the addition of 8.8 ml of 0.02 N NaOH. The liberated 
p- nltrophenol was measured at 410 nm. 
Enzyme activity of acid and alkaline phosphatase was determined by using previously 
prepared standard calibration curve of known concentration of p- nltrophenol. Activity of 
acid and alkaline phosphatase are expressed as ugm p-nltrophenol liberated /mg protein 
/mln. 
(5) ATPase (Mg** dependent) (E C 3.6.1.3) : Enzyme activity was determined by 
estimating the release of inorganic phosphorus in the reaction mixture, by the method of 
Ryre (1975) as modlfted by Rahman et al..( 1981 b); Vema and Fratl (1983). The reaction 
mixture (total volume 2.2 ml), comprising 0.02 ml protein sample. 1 ml of 92 n^M Trls-HCl 
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buffer pH 8.5.0.5 ml of 5 mM MgCI,. Total volume of the mixture was adjusted by Trls-HCl 
pH 7.0. After 10 min of equilibration of reaction mixture at 37 ° C in shaking water bath. 
The reaction was started by the addition of 4 mM ATP (sodium free, Sigma Chemical Co. 
USA). And after 15 of Incubation at 37 "C. the reaction was stopped by the addition of Ice 
cooled 10 % TCA. Then the tubes were centrlfuged at 5.000 g and supernatant was assayed 
for PI. 
(5) 6'Nucleotidase (E C 3.1.3.5 ) : Enzyme activity was determined by the method as 
described in Sigma Technical Bulletin No.675 with slight modification. Total volume of 
reaction mixture, 5.7 ml. comprised of 0.02 ml protein sample, 0.05 M Tris-HCl buffer pH 
7.5 containing 300 umole substrate Adenosine 5' monophosphate, AMP (Sigma Chemical 
Co. USA) for one set and 200 umole Beta glycerophosphate (BGP) {Sigma Chemical 
Co.USA) as substrate for second set. The reaction mixture was incubated for 90 mln at 37 
"C. Thereafter reaction was stopped by the addition of 30 % TCA. And finally the tubes were 
centrlfuged for 5 min at 5000 g. and supernatant was estimated for phosphorous (Pi). 
(7) Y - Glutamyl transpeptidase (E C 2.3.3.22): Is a key enzyme of- glutamyl cycle. The 
enzyme activity was determined by the method of Szasz (1974). Total volume of assay 
mixture. 2.1 ml comprised of 10 mM MgCl^ . 4 mM L-Y-glutamyl p -nltroanlllde. 50 mM 
glycylgtycine in 48 mM ammediol buffer pH 8.2 and 50 ul of protein sample, volume 
adjusted to 0.1 ml with ammediol buffer. The change in absorbance indicating release of 
p-nltroanillne was recorded at 405 nm for 0, 1.2, and mln. Specific activity Is expressed 
as p- nitro£miline liberated /mg protein /mln. 
Phosphorous estimation : 0.1 ml of cone, sulphuric acid was added to 0.2 ml of 
supernatant /standard solution and heated in boiling water bath for two mln then cooled 
at room temperature and 0.05 ml of 70 % perchloric acid was added and tubes were again 
boiled for 2 mln. after cooling. 2 ml of DDW followed by 1 ml of 1 % ammonium molybdate 
and 1 ml of 1 % ascorbic acid (freshly prepared) were added. The contents were mixed by 
vortexing and heated at 70 "C for 10 mln. Finally after cooling the tubes at room 
temperature, absorbance was read at 820 nm. Quantity of phosphorous was determined 
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by the previously prepared standard curve, using KHjPo^ in the range of (1 - 10 ugm). 
For the estimation of liberated Pi in ATPase and 5' Nucleotidase, along with samples 
tubes, control tubes (control tubes devoid of protein sample) were also prepared slmulta-
neously. The Pi values of sample tubes were determined by subtracting the Pi values of 
control tulies. THe enzyme activity has been expressed as mg Pi released / mg protein / 
mln. 
£/xtractlon of lipids : Lipid component were extracted by the method of Folch et al. 
(1957) A known amount of membrane material was mixed with 20 fold (v/v) organic 
solvent (Chloroform : Methanol. 2:1 ) and the mixture was kept overnight at 4 "C for 
extraction of lipids. Thereafter it was centrifuged at 400 g for 5 mln and the residue was 
again treated as above to extract remaining lipid component. Both the supernatants were 
combined and kept at 45 "C in vacuum to evaporate the chloroform. After redissolvlng the 
residue in the solvent, solution was filtered in a test tube containing equal v6\umc of 0.88 
% KCl. and mixed thorouhgly. The solution was allowed to separate in two phases. The 
lower phase containing the lipids was collected and the chloroform was evaporated at 45 
"C in vacuum. The dried lipid was Anally dissloved in known volume of chloroform. 
Appropriate samples were used for the analysis of lipids. 
E/stimatlon of total lipid : Total lipids were determined by the method of Z6Ilner and 
Krisch (1962). One ml of lipid from stock solution was boiled with 4 ml of concentrated 
HjSo^ for 10 mln in a boiling water bath, then cooled at room temperature. Suitable lipid 
samples were taken and 4 ml of Zollner reagent was added. A reagent blank was also 
prepared by using H^So^ instead of Upid sample and Zdllner's reagent. Both blank and 
sample tubes were kept at room temperature for 30 mln and absorbance was recorded at 
530 nm against reagent blank. Total lipids were calculated with the help of standard curve 
prepared previously by using a standard lipid of known strength. 
E/stimatlon of lipid fraction : 
(l)Total cholesterol: Total cholesterol was estimated by the method of Sackett (1925). 
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Suitable aliquots of lipid sample were mixed vigorously with 5 ml of chloroform for some 
time, and then 2 ml of ice cpld reagent consisting of acetic anhydride and cone, sulphuric 
acid (In 20 : 1 ratio) was added. And the tubes were left in dark at room temperature. Alter 
15 min green coloitr was read at 680 nm against reagent blank. Total cholesterol was 
determined with the help of previously prepared standard curve using known amount of 
cholesterol in chloroform. 
(2) Total triglycerides : Total triglycerides were estimated by the method of Van Hemdel 
and Zilversmlt (1957). Lipid sample was taken in stoppered flask containing 4 gm Zeocarb 
250. previously moistened with 2 ml of chloroform, and shaken Intermittently for 1 h at 
room temperature. Suitable aliquots were taken, simultaneously a reagent blank was also 
prepared which contained chloroform instead of aliquot. The tubes were kept for 15 min 
at 60 - 70 " C for evaporation of chloroform. Thereafter 0.5 ml of 0.4 % alcoholic KOH (w/ 
v) and 0.5 ml of 0.2 N sulphuric acid were added. Alcohol was evaporated by heating the 
tubes in boiling water bath for 15 min. After cooling. 0.1 ml of 0.5 M sodium periodate 
solution was added to each tube and oxidation was stopped exactly after 10 min by the 
addition of 0.1 ml of 0.5 M sodium arsenite. A yellow colour of iodine appeared which 
gradually disappeared within few min. then 9 ml of 0.24 % (w/v) chromotroplc acid reagent 
in (sulphuric acid and water. 2 : 1 . v/v ) was added and the tubes were incubated for 30 
min in boiling water bath. The colour was read at 570 nm against reagent blank. The 
quantity of triglycerides were estimated by the standeu-d curve prepared by using mustard 
oil. 
(3)Free Patty Acids (FFA): Free fatty acids were determined by the method of Lowry and 
Tinsley (1976). Suitable lipid sample were taken in stoppered tubes and chloroform was 
evaporated. After complete evaporation 5 ml of benzene was added in each tubes Including 
blank and mixed thoroughly. The mixture was warmed slightly and 1.0 ml of pyridine 
reagent (5 % aqueous cupric acetate solution was Altered and pH was adjusted^o 6 - 6.2 
with pyridine) was added. The tubes were shaken for 2 min. and centrifuged at low speed 
for 5 min. The blue colour of upper layer was read at 715 nm against reagent blank. Tlie 
?J 
quantity of free fatty acids was calculated with the help of previously prepared standard 
curve using palmitic acid as standard free fatty acid. 
(4)Total phospholipids : Total phospholipids were estimated by the method of Rouser si 
al.( 1970) as described earlier. The amount of phospholipid was calculated by multiplying 
the obtained value with a factor of 25 (Christie. 1982). 
r ractionatlon of Phospholipids by TLC : Phospholipid fractions were separated by the 
niethods of Sklpsky etal. (1964). A clean chromatographic glass plate of size 20^x 20 cm 
was taken and coated with a slurry of silica gel G. containing 13 % CaSO^ as binder. Silica 
gel and binder with two volumes of double distilled water was vigorously shaken and a 
uniform layer of 1 mm thickness was prepared. The plates were left to dry at room 
temperature for 2 h and then activated at 110" C. A line was drawn 2.5 cm from the bottom 
for application of sample. The standard phospholipids containing phosphatidylcholine, 
lysophosphatidylcholine. phosphatidylethanolamlne. and lysophosphatidylethanolam-
ine. obtained from (V.P. Chest Institute. New Delhi) as well as the unknown concentrated 
lipid samples were applied simultaneously on the plate at applicater line in 2 - 4 mm 
diameter. The solvent was allowed to evaporate from the chromatoplate which was then 
placed in a developing tank containing chloroform : Methanol: Water in the ratio of 65 : 
25 : 4 (v/v/v) as the solvent system. After optimum migration of solvent the plate was 
removed and air dried at room temperature for 20 min. Thereafter, for the development of 
spots the plate was kept in another tank containing iodine crystals. Finally the developed 
spots were scrapped off from the plate in separate labelled tubes. The phospholipids were 
eluted with chloroform and the tubes were centrifuged. The elution process was repeated 
to elute out phospholipid completely. The area having no spot was also taken and 
considered as a blank. Supernatant was taken from all the tubes and their phosphorus 
content were estimated by the method as described earlier. 
£/8tlmation of Sialic acid ( N-Acetyl Neuraminic Acid ) : The membrane bound sialic 
acid ( gangUoside ) was estimated by the method of Warren (1959). Suitable aliquot of 
membrane sample was treated with 0.5 nil of 0.01 N H S^O^ for 1 h at 80 °C. Thereafter 0.1 
2% 
ml of 0.2 M sodium metapcrlodate In 9 M phosphoric acid was added, and tubes were 
Incubated for 20 mln at room temperature. After Incubation 1.0 ml of 10 % sodium 
arsenlte In 0.5 M sodium sulphate prepared in 0.1 N H S^O^ was added and tubes were 
shaken until the brown yellow colour disappeared. Then 3 ml of 0.6 % thlobarblturlc acid 
In 0.5 M sodium sulphate prepared in water, was added and tubes were Incubated for 15 
mln In a boiling water bath. Thereafter tubes were immediately transferred to Ice bath for 
15 mln when red colour faded, 4.3 ml of cyclohexanone was added and the tubes were 
vortexed vigorously. Finally the mixture was centrlfuged for 5 mln at low speed, two layers 
were separated the upper orange layer was collected and read at 550 and 532 nm. The 
umole of NANA (N-Acetly Neuraminic acid) were calculated by the following formula : 
(0.09 X OD at 550 - 0.033 x OD at 532) x 2 . 
Gradient SDS-Polyacrylamlde gel electrophoresis (PAQE) : For the an^dysls of pol-
ypeptide profile. Gradient SDS - PAGE was performed by the method of Laemmll (1970) 
with some modifications, using a complete vertical slab gel electrophoresis assembly, 
gradient maker, power supply of (Pharmacia LKB, Sweden). A 30.80 % stock solution of 
acrylamide containing 30.0 gm acrylamide and 0.8 gm (w/v) N.N.N.N tctra mcthyllne 
, blsacrylamlde in DDW was prepared. The stock separating gel buffer. 3.0 M Trls-HCl pH 
8.9 containing 0.8 % (w/v) SDS and TEMED 0.23 % (v/v), while the stock solution of 
stacking gel buffer, 0.5 M Trls-HCl pH 6.7 containing 0.46 % TEMED (v/v) and 0.8 % (w/ 
v) SDS were prepared. The lOx running buffer consisted of 3.03 % Trls. 14.41 % glycine 1 
% SDS (w/v). 
The separating gel of linear gradient 7 - 15 % was prepared as follows: 
Separating gel : 
7 % 15% 
Acrylamide = 3.736 ml = 8.000 ml 
Double distilled water = 9.780 = 5.520 
Tris-Hcl buffer pH 8.9 = 2.480 = 2.480 
10% APS = 80.000 ul = 80.000 ul 
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stacking gel : 
5 % 
Acrylamlde = 2.50 ml 
Double dtstilled water = 10.30 
Stacking gel buffer = 2.00 
10% APS = 100.00 ul 
All the solutions were throughly mixed. And freshly prepared 10 % APS solution was 
added. The gel mixture was then poured to the glass plate moulds of size 14 x 14 cm. 
prepared by using 1 mm thick spacers. Once the gel solution was poured, it was carefully 
overlaid with a few drops of double distilled water and allowed to poljonerlze at room 
temperature for 45 min. After polymerization the water was carefully removed from the gel 
surface and 5 % stacking gel solution was poured into the mould, and the desired comb 
was gently inserted and gel solution was allowed to polymerize at room temperature for 30 
min. 
Sample Preparation : The membrane sample containing about 75 ug protein, was mixed 
with equal volume of Laemmli's sample buffer. 0.625 M Tris-HCl. pH 6.8. containing 5 % 
(v/v) - mercaptoethanol. 20 % (w/v) SDS. 10 % (v/v) glycerol, and 0.05 % aqueous 
bromophenol blue as the marker dye and then it was boiled for 8 min at 100 ° C in a boiling 
water bath. Similarly a standard molecular weight protein markers, ranging from 14.4 KD 
to 94 KD (L\fW Kit: LKB Pharmacia) was also prepared. The mixture of protein marker 
contained Phosphorylase b (Mr. 94.000). Albumin (Mr. 67.000). Ovalbumin {Mr^43.000), 
Carbonic anhydrase (Mr. 30.000). Trypsin inhibitor (Mr. 20.100). and Lactalbumin (Mr. 
14.400). A total of 50 ugm of protein samples and standard proteins markers were 
carefully loaded with a fine micro-sample applicater syrmge into the separate well. And 
electrophoresis was carried out at 6° C using a multltemp 11. thermostatic clrculater by 
applying 30 mA/slab gel constant current until the marker tracking dye reached 1 cm 
before the end of the gel. The gel was removed from the mould after the power was 
disconnected and used for various staining procedure. 
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Staining of gel: 
Commassie brilliant blue (CBBR 250): The gels were fixed In 10 % (v/v) acetic acid, 45 
% (v/v) methanol for 1 h and then gels were stained In 0.25 % CBBR 250 prepared in fixing 
solution overnight. The staining gels were destalned in high destainlng solutions (HDS), 
7 % acetic acid (v/v). 45 % v/v methanol and finally destalned in low destainlng solution 
(LDS) 7 % (v/v) acetic acid and 5 % (v/v) methanol in double distilled watertintll the 
background became clear. Finally gels were stored in 7 % (v/v) acetic acid In double 
distilled water. 
Silver staining: Silver staining was performed following the method of Oakley (1980) with 
some modifications, usmg Dithiothreitol (DTT) for reduction of dlsulphide bond of protein 
. gels were placed in prefixing solution (1) consisting of 50 % (v/v) methanol. 10 % (v/v) 
acetic acid for 30 mln, and subsequently in pre-fbdng solution (2) consisting of 5 % (v/v) 
methanol. 7 % (v/v) acetic acid for 30 mln and finally gel was fixed In 10 % glutaraldehyde 
for 45 mln. The gel was then rinsed for 3 x 2 hrs or overnight in large volume of double 
distilled water (DDW). After washing gel was treated with Dithlothretol (0.5 mg/100 ml) 
for 30 mln and then with 0.1 % aquous AgN03 |w/v) for 30 mln. Thereafter colour was 
developed by treating the gels with developer solution conslstmg of 3 % (w/v) Na^COj in 
DDW + 50 ul of 37 % formaldehyde for every 100 ml developer solution. The gel was treated 
for three changes with the developer solution, first and second changes for 15 sec each, 
while final treatment was given until the appropriate color developed. After the develop-
ment of appropriate colour of polypeptides bands .the gel was quickly washed in DDW and 
reaction was stopped with the stopper solution (consisting of 100 ml developer solution 
+ 5 ml 2.3 M citric acid) for 15 min. All procedures were carried out at room temperature. 
Finally gel was stored In 0.03 % sodium bicarbonate solution and photographed under 
transillumination, by Cannon AE 1 Camera using color/ 125 ASA Black and WliJte 
ORWO/Konicafllm. 
Detennination of molecular weights (Mr): The relative mobility (Rf) of each polypeptide 
was calculated as follows: 
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Distance of polypeptide migration 
Distance of tracking dye migration 
Distance of different polypeptides were recorded Including those for standards and Rf 
values were determined. From the standard curve the molecular weight of unknown 
polypeptides were calculated. 
Collection of Immune sera : The immune sera was collected from puppies after 
irifectmg them with the protoscoleces isolated from the hydatid cyst of liver of buTTalo. The 
procedure of infecting the puppies is essentially the same as described by Irshadullah 
(1987). Post Infection sera were collected on 4. 16. 24 and 42 nd days by obtaining the 
blood from the Juglar veins with the help of hypodermic needle and the blood was allowed 
to coagulate at room temperature. Blood was also collected from uninfected puppies as 
control sera. The sera was centrlfuged at 5.000 x g for 10 mln. and stored at -20 "C for 
subsequent use. Finally infected puppies were sacrificed for the examination of £. 
granulosus infection. 
Western/Immunoblotting: The unstained SDS-PAGE gel were used for the transfer of 
protem on to Immobilon-P-transfer membrane. (0.45 um in pore size. Mllllpore USA) by 
semldry technique using the Nova blot assembly (LKB Pharmecla). The transfer of protein 
was carried out in different concentration of transfer buffer consisting of Trls/glycine/ 
methanol/water. The method of protein transfer is essentlaly the same as described by 
Towbln et al. (1979). Stott et al..( 1985). Immobilon membrane of gels size were saturated 
with methanol and then was placed in direct contact with gel from anodal side. The gel and 
transfer membrane were sandwiched by filter paper soaked In transfer buffers as describe 
in the original method of Towbln et al. (1979). The sandwich was placed in between 
graphite electrodes, immobilon membrane facing the F>ositive electrode. Transfer was per-
formed for 3 hrs at 1.0 mA/cm^ of gel. Transferred protein fractions on membrane are 
stable replica of original gel pattern. Different protein fractions were further analysed for 
their antigenicity. 
After the transfer, the Immobilon membrane was placed in incubation buffer which 
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comprised 10 mM phosphate buffer, pH7.2+ 150 mMNaCl. The transfer membrane were 
cut into test strips of 5 mm (width) size with the help of a sharp blade. Standard protein 
marker and one test strips from each protein sample were stained with Amldo Black while 
rest of the strips were treated for 2 hrs at room temperature in Incubation buffer 
containing 5 % low fat milk to bind unsaturated site, "niereafter the strips were vigorously 
washed 3 x 1 0 mln in phosphate buffer containing 0.05 % Tween 20. 
Processing of Immunoblot: For identification of antigenic pofypeptides. the strips were 
first treated with different primary Immune sera or with control, along with incubation 
buffer in 1:100 dilution for 2 hrs at room temperature with shaking, then strips were 
washed in PBS-T containing 0.05 % Tween 20 (washing buffer) for 3 x 10 mln. Thereafter 
the strip were incubated in secondry antibodies (Anti-dog IgG. lebelled with Alkaline 
phosphatase) along with incubation buffer in 1:1400 dilution. Further antigenic polypep-
tides were visualized by treating the test strip with chromogen solution (Stutte. 1967: 
Malik and Dayman. 1982) with some modification. After developement of appropriate 
colour, reaction was stopped by 20 mM EDTA. Finally Photographs were taken, as 
discrlbed earliar using black and white film. 
3C 
rSULTS 
iVlembrane yield an(^  purity : 
In the present study, the surface plasma membranes of the protoscoleces of E. gran-
ulosus, collected from lung and Uver hydatid cysts were isolated by triton X 100. The yield 
was monitored by the protein assay. It can be seen from the (Table 2) that the membrane 
yield by the Triton x 100. of the protoscoleces of lung and liver is more or less same. The 
purity of the membrane pellet was checked by the cytoplasmic and mitochondrial marker 
enzymes, namely lactate dehydrogenase (LDH) and succinic dehydrogenase (SDH) respec-
tively. It is evident from the present results that the level of LDH and SDH contamination 
in the membrane pellete of lung and liver origin protoscoleces are more or less similar. 
Comparatively the level of SDH activity is higher than the LDH in membranes of both the 
origin ( Table 2, Fig 2 ). However the level of LDH and SDH activities are many fold greater 
in total homogenate of the protoscoleces as compared to membrane ( Table 2. Fig 2). 
Quantitation of membrane boimd marker enzymes: 
The results of the quantitation of primary marker enzymes of the surface plasma 
membrane are summarized in (Table 3. Fig 3. A. B. C. D and 4).It is evident from these 
results that quantitative differences among various enzymes occur in both the origin of 
protoscoleces. The alkaline phosphatase activity is exceptionally high in membrane of 
lung origin protoscoleces in comparison to liver origin. Contrary to this, ATPase activity 
is remarkably high in liver origin protoscoleces. The S'nucleotldase and Y-glutamyle 
transpeptidase activities are higher in membranes of liver origin protoscoleces. While acid 
phosphatase activity Is more or less similar In the membranes of both origin of pro-
toscoleces as well as In their total homogenates. On comparing the enrlc^iment of 
membrane bound marker enzymes with the enzyme activities of fresh homogenates of 
protoscoleces. the former exhibited many fold greater activity than the latter (Fig. 3. A, 
B.C.D. and 4). On the basis of these results it can be concluded that alkaline phosphatase 
31 
Table 2- Protein recovery of membrane pellet and cytosoUc (LDH) and mitochondrial 
(SDH) contalmlnatlon In the pellet after Triton X 100 treatment of lung and 
liver origin protoscoleces of Echinococcus granulosus. 
Membrane yield* 
LDH 
SDH 
Lung origin 
Homogenate 
-
5.780 
±0.042 
13.300 
±0.321 
Membrane 
0.531 
±0.001 
2.000 
±0.056 
3.000 
±0.021 
Liver 
Homogenate 
-
6.000 
±0.003 
14.100 
±0.290 
origin 
Membrane 
0.489 
± 0.007 
2.130 
10.043 
3.090 
±0.063 
+ mg protein/gm wet weight of protoscoleces. 
n mole NADH oxldlsed/mg protein /mln. 
Each value Is mean of three replicates ± SEM. 
rig. 2 - Lactate dehydrogenase (LDH) and succinic dehydrogenase (SDH) activities 
In total homogenates and membranes of lung and liver orlglii protoscoleces. 
A - Total homogenate of lung origin protoscoleces 
B - Membranes of liing origin protoscoleces 
C - Total homogenate of liver origin protoscoleces 
D - Membrane of liver origin protoscoleces 
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Table 3 - Quantitation of membrane bound marker en2ymes In surface 
plasma membranes and total homogenates of lung and liver origin protoscoleces. 
Marker enzymes 
Alk. Phosphatase* 
Acid Phosphatase* 
ATPase" 
S'NucIeotldase" 
Y-Glutamyl-
transpeptidase-' 
Lung origin 
Homogenate 
1.185 
±0.008 
1.479 
±0.003 
1.912 
±0.006 
0.096 
±0.003 
1.090 
±0.002 
Membrane 
35.972 
±0.209 
6.177 
±0.003 
12.430 
±0.022 
0.607 
±0.003 
1.540 
±0.003 
Liver ( 
Homogenate 
6.210 
±0.020 
5.260 
±0.006 
5.049 
±0.008 
0.196 
±0.003 
1.290 
±0.001 
origin 
Membrane 
12.220 
±0.018 
6.G12 
±0.009 
29.760 
±0.081 
1.273 
±0.013 
2.850 
±0.001 
• ugm pnp liberated/mg protein/min 
o ugm PI lll>erated/mg protein/mm 
" n mole nitroanllln liberated/mg protein/mln 
- Each value Is mean of three separate replicates ± SEM, 
n g . 3 - Activity of membrane bound marker enzymes In hbmogenates and membranes of 
lung and liver origin protoscoleces. 
A - AUialine Phosphatase 
B - Acid Phosphatase 
C - ATPase 
D - 5'nucleotldase 
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and ATPase could be used as primary marker enzymes for the characterization of surface 
plasma membranes of protoscoleces of £. granulosus. The acid phosphatase could not be 
used as the primary marker enzyme. 
Major biochemical components: 
The results of major biochemical components of the surface plasma membrane of 
protoscoleces are summarized In Table 4. It Is evident from these results that quantita-
tive level of sialic acid is nearly three fold greater In the membrane of liver orgln than the 
membrane of lung orgln protoscoleces. while the protein recovery of the membrane of the 
two Isolates Is more or less similar. The total lipid was found higher In membrabe of liver 
origin protoscoleces . 
Further various lipid fractions were analysed in order to see the similarities smd 
disimilarities in membrane of Ixjth the origin. The results are summarized in Table 5, and 
Fig 5. On the basis of these results it was observed that quantitative differences among 
various fractions occur. Total percentage of cholestrol Is higher in the membrane of liver 
origin material. Similarly phospholipid and triglyceride percentage Is higher In the 
membranes of liver origin as compared to lung orgln protoscoleces. While free fatty acids 
(FFA) were found slightly higher in lung origin material as compared to liver origin. 
Phospholipids to cholestrol ratio were found higher In membrane of liver origin pro-
toscoleces (Table 6). 
The results of phospholipid fractions are summarized in Table 7. Fig 6. there tue re-
markable quantitative dlffemces in membranes of lung and liver origin protoscoleces. It 
was observed that lysophosphatldylchoUne. phosphatidylcholine, phosphatldyletha-
nolamlne and lysophosphatidylethanolamine are 4.8. 1.56. 1.26 and 1.86 fold higher 
respectively In membrane of lung origin protoscoleces in comparision to membrane of 
liver origin protoscoleces. While the level of the unknown phospholipids is much greater 
in the liver origin membrane. This Indicates that the total phospholipids are much greater 
In liver origin than the lung origin, which requires further Investigation to, analyse 
unknown phospholipids of liver origin. 
^J 
Table 4 - Major biochemical components of surface plasma membranes of pro 
toscoleces isolated from lung and liver 
Membrane 
lung 
liver 
Sialic acid" 
0.530 
±0.004 
1.466 
±0.016 
Protein* 
0.531 
±0.000 
0.489 
±0.007 
Total lipid** 
2.404 
±0.002 
4.029 
±0.004 
Protein & lipid 
ratio (P:L) 
1:2.404 
1:4.029 
+ 
++ 
u mole NANA/mg membrane protein 
mg/gm wet weight 
mg/mg protein. 
Each value is the mean of three separate replicates ± SEM. 
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Table 5- Lipid fraction of surface plasma membranes of protoscoleces Isolated from 
lung and liver. 
Fractions 
Cholesterol 
Phospholipid 
Free Fatty acid 
(FFA) 
Triglyceride 
Unknown 
lung 
1.393 
28.053 
2.493 
28.865 
38.698 
liver 
3.406 V 
37.061 
2.033 
40.105 
17.395 
Values are expressed as ugm % of total lipid 
Fig. 5 -Major lipid fractions of surface plasma membranes isolated from lung and liver 
protoscolcces CL - Cholesterol. FFA - Free fatty acid. Phi, - Phospholipid. TG - Triglyceride 
Unk • Unknown. 
no 
FFA 
Unk 
lung ver 
4C 
Table 6-The phospholipid (P) and cholesterol (C) ratio In the surface plasma mem 
brane of protoscoleces isolated from lung and liver. 
1 
Surface plasma 
membrane origin 
Lung protoscoleces 
Liver protoscoleces 
Total 
Phospholipid 
560.500 
±0.019 
908.000 
±0.015 
Total 
Cholestrol 
37.825 
±0.001 
83.460 
±0.001 
(P:C) 
Ratio 
1:0.067 
1:0.091 
Values are expressed as ugm/mg of total lipid 
Each is mean of three separate replicates ± SEM. 
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Table 7-The phospholipid fractions of surface plasma membranes of protdscoleces 
Isolated from lung and liver. 
Phospholipids 
Lysophosphatldylchollne 
Phosphatidylcholine 
Lysophosphatldyl-
ethanolamlne 
Phosphatldylethanolamlne 
Unknown 
Lung origin 
13.122 
24.300 
1.458 
23.328 
37.78 
Liver origin 
2.745 
15.530 
0.784 
18.43 
62.105 
Values are expressed as ugm % of total phospholipid 
Fig. 6 - PhosphoUpld fractions In surface plasma membranes Isolated from lung and liver 
protoscoleces. 
,PE - Phosph&tld\)9tiiauo!^in? 
- v / , • ' , ' . ' , • • • 
LPE - Lys;5^ 'x^jifjfatldylctlWn^Linine 
PC - Pb" 'v/cholln^ 
LPC - L ^ ' 'IChQl^i,^  
, Unit - Lnivu; 
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Protein profile of surface plasma membrane: 
The molecular heterogeneity of the surface plasma membranes and the total homo-
genate of protoscoleces of lung and liver origin were analysed by SDS gradient PAGE. 
Presence of SDS and mercaptoethanol dissociate the polymeric proteins Into their 
subunits. The results of SDS-gradient Polyacrylamlde gel stained with CBB R 250 
revealed that the individual proteins are separated into various fractions according to 
their electrophoretlc mobilities as well as their respective molecular weights. The different 
polypeptides of surface plasma membranes as well as total homogenates are shown in 
Plate 2. A total of 32 and 28 polypeptides were separated In the membranes of the 
protoscoleces of lung and liver origin respectively while the total homogenates of the 
protoscoleces of lung and liver origin resolved into 37 and 36 polypeptides of varying 
molecular weights ranging from «14.4 KD to » 94 KD (Table 8 ).The molecular weight of each 
polypeptide bands were determined with the help of standard calibration graph ( Fig. 7 ) 
prepared by using standard known molecular weight marker proteins (Table 9.^ Fig. 8) 
Since the technique was well standardized, the resolution of peptide bands were quite 
distinct and reproducible as observed In several replicate gels. In the surface plasma 
membrane of lung origin protoscoleces 32 polypeptides ranging from « 14.4 KD to » 94 KD 
were found (Table 8). Some specific polypeptides to lung origin membrane, having 
molecular weight one each « 14.4 KD. 49 KD. 74 KD and two polypeptides of* 94 KD were 
observed which were absent In membranes of Uver origin (Table 10). Whereas in the 
surface plasma membrane of Uver origin protoscoleces 28 polypeptides of molecular 
weight ranging from « 14.4 KD to » 94 KD (Table 8) and one specific polypeptide of 43 KD 
molecular weight was observed which was absent in lung origin (Table 10). 
It has been reported that coommassle brilliant blue Is less sensitive than the silver 
staining and many conjugated proteins are not stained with the former dye. Therefore 
silver staining of gels were performed. It Is evident from these results that the m'embrajie 
of two isolates under study showed 37 and 36 polypeptides while their respective total 
homogenates resolved Into 55 and 48 polypeptides ( Plate 3. Table 11). On comparing tlie 
?!ate 2 
The protelo proiMes of protoscoleces as revealed by SD3 gradient poiyacrylamide 
gel eketrophors's. The gel was sfSin^O with coomassie brUliani^lue R - 250. 
A = standard marker prote?ns 
B = total homogerate of Hver origin OT^otosco'eces 
C & F = Kiembrane cf liver origin protoaco'eces 
D & G = total homogenate lung origin protoscoleces 
E = membranes of iung orlgtn nrotcscoleces 
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TAble 8- The number of polypeptides as revealed by SDS Gradient polyacrylamide gel 
electrphoresis. stained with CBB R 250. 
Mol.welght 
range 
*14.4 
14.4-20.1 
20.1-30 
30-43 
43-67 
67-94 
»94 
Total No. of polypeptides 
Lung origin protoscoloces 
homogenate 
3 
6 
6 
8 
7 
4 
4 
37 
membrane 
3 
7 
5 
7 
3 
2 
5 
32 
Liver origin protoscoleces 
homogenate 
3 
6 
4 
8 
8 
4 
4 
36 
membrane 
2 
7 
5 
8 
3 
-
3 
28 
Tig. 7 - Calibration curve of standard molecular weight marker proteins 
a: -
b: 
c: 
d: 
e: 
f: 
• Lactalbumin 
trypsin Inhibitor 
Carbonic Anhydrase 
Ovalbumin 
Bovine serum albumin 
Phosphorylase - b 
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Table 9- Standard low molecular weight (LMW) marker proteins with their Rf value 
and molecular weights. 
Standard 
Protein markers 
(X- Lactalbumin 
Trypsin inhibitor 
Carbonic Anhydrase 
Ovalbumin 
Albumin 
Phosphorylase - b 
Rf value 
0.730 
0.635 
0.542 
0.407 
0.307 
0.235 
Molecular weight 
(dalton) 
14.400 
20.100 
30.000 
43.000 
67.000 
94.000 
rig. 8 - Densltometric scan of'!he SDS - PAGE of marker proteins stained with C 6 B R 250. 
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TAble 10 - Characterls^Jc polypeptides of membranes of lung and liver origin pro 
toscoleces. 
Mol. weight 
range 
(KD) 
«14.4 
14.4-20.1 
20.1-30 
30-43 
43-67 
67-94 
*94 
CBB-R 250 stained 
Lung origin 
A 
1 
-
-
-
1 
1 
2 
B 
«14.4 
-
-
-
49 
74 
»94=a 
=b 
Liver origin 
A 
-
-
-
1 
-
-
B 
-
-
-
43 
-
-
Silver stained 
Lung origin 
A 
1 
-
-
1 
-
-
1 
B 
«14.4 
-
-
31.5 
-
-
»94 
Liver origin 
A 
1 
V. 
1 
1 
-
-
3 
B 
«14.4 
-
22 
44 
-
-
»94=a 
=b 
=c 
A - Total number of specific polypeptides 
B - Apparent molecular weight of specific polypeptides 
^ \ 
Plate -3 
The protein profiles of protoscoleces as revealed by SDS gradient polyacrylamlde gel 
elecrc^horesls. The gel was stained wJtl^sllver stain 
A = standard marker proteins 
£ =. total homogenate of liver origin protoscoleces ,, 
D = membranes of liver origin protoscoleces 
3,F = total homogenate of lung origin protoscoleces 
C = membranes of illng origin protoscoleces 
50 
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TAble 11 - The number of polypeptides as revealed by SDS gradient polyacrylamlde gel 
as revealed by silver staining. 
Mol.welght 
range 
*14.4 
14.4-20.1 
20.1-30 
30-43 
43-67 
67-94 
»94 
Total No. of polypeptides 
Lung origin protoscoloces 
homogenate 
2 
5 
8 
10 
9 
8 
13 
55 
membrane 
3 
6 
6 
11 
3 
I 
7 
37 
Liver origin protoscoleces 
homogenate 
7 
6 
6 
9 
6 
5 
9 
48 
membrane 
2 
5 
* 6 
10 
3 
1 
9 
36 
•^2 
data obtained by CBB R 250 and silver staining, showed that the latter staining technique 
was more sensetlve because 48 % and 33 % more polypeptides were observed In the 
homogenate while 15 % and 28 % more polypeptides were resolved in the membrane of two 
Isolates under study. However.all the new polypeptides which were obtained by silver 
staining were of the same molecular weight range « 14.4 to » 94 KD (Table 11). Some 
Specific polypeptides in membranes of both the origin were also detected. One specific 
polypeptide below « 14.4 KD was present in plasma membranes of both the origin which 
was not observed by CBB R 250. besides this 31.5 KD and one polypetide » 94 KD were 
present in lung origin membrane, while in membrane of liver origin protoscoleces. five 
specific polypeptides having 22 KD. 44 KD and three polypeptides having molecular 
weights » 94 KD were observed (Table 10). 
Analys i s of antigenic polypeptides: The antigenic polypeptides of surface plasma 
membrane and total homogenate of lung and liver origin protoscoleces were analysed by 
immuno blotting, using sera collected at dlfTerent intervals from experimentally Infected 
pups as source of primary antibodies and alkaline phosphatase conjugated immunoglob-
ulin (Antl Dog IgG. raised in goat. Sigma Chemical Co.USA) as secondary antibody. The 
results of antigenic polypeptides are summarized in Plate 4, 5: Fig. 9, 10 and Table 12. It 
is evident from these results that IgG response appeared during the course of Infection 
against the membrane and soluble antigens of protoscoleces. The response of IgG against 
a particular peptide varies considerably with the passage of time as can be seen from the 
(Fig. 11. 12. 13. 14). 
Soluble antigen: The soluble antigen of the protoscoleces of lung and liver origin gives 
negative result with 0 days control sera. The 4 days post infection sera detected 3 and 4 
antigenic polypeptides in protoscoleces of lung and liver respectively. With 16 days post 
infection sera 3 and 2 antigenic polypeptides were observed which were mostly present 
with the 4 days sera. There was a considerable change In antigenic polypeptide in both the 
protoscoleces with 24 days post infection sera. The variation in numbers as well as in their 
molecular weights were observed. WliUe 42 days post infection sera detect considerably 
Plate 4 
Immunoblot and stained polypeptides of Jung origin proioscoleces. 
C = control 
H = homogenate 
M = membrane 
S = svandard 
4. 16. 24 and 42 refered to post Infection sera from experi-
mentally Infected puppies. 
S HM 
4 36 24 40 
Plate 5 
Immunoblot and stained pofypeptides of liver origin protoscoleces. 
C = control 
H = homogenate 
M = membrane 
S = standard 
4.16.24 and 42 refered to post Infection sera from experimen-
tally Infected puppies. 
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Fig. 9- Line diagram of stained polypeptides and Immunoblot of lung origin protoscoleces. 
c 
H 
M 
S 
= control 
= homogenate 
= membrane 
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4. 16.24 and 42 refered to post Infection sera from experimen-
tally infected puppies. 
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Fig. 10 - Line diagram of stained polypeptides and Immunoblot of liver origin pro 
toscoleces. 
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4. 16.24 and 42 refered to post infection sera from experimen-
tally infected puppies. 
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Table 12- Number of antigenic polypeptides In lung and liver origin protoscoleces. 
Antigen 
protoscoleces 
APH„, -
0 Lung 
0 Luog 
A P H „ , ^ -
OUver 
A P M „ , ^ -
OUver 
Post infection Immune sera 
4 
3 
2 
4 
16 
3 
8 
2 
6 
24 
9 
2 
4 
2 
42 
^ 4 
21 
20 
15 
APH Q -Total homogenate antigen 
APM Q -Membrane antigen 
Fig. 11- The presence (—) and absence (- - -I of antigenic polypeptides In membranes of 
lung origin protoscoleces Identified by rnimune sera collected at different Intervals from 
the experimentally Infected pups. 
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n g . 12 -The presence (—) and absence (- - -) of antigenic polypeptides In total homogenate 
of lung origin protoscoleces as identified by Immune sera collected at different intervals 
from the experimentally Infected pups. 
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Fig. 13 -The presence (—) and absence ( - - - ) of antigenic polypeptides In total homoge-
nate of liver origin protoscoleces as identified by immune sera collected at different 
Intervals from the experimentally infected pups. 
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Fig. 14 -The presence {—) and absence ( — ) of antigenic polypeptides In membranes of 
liver origin protoscoleces as identified by immune sera collected at different Intervals from 
the experimentally infected pups. 
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large number of antigenic polypeptides which shows quantitative as well as qualitative 
differences. 
Membrane antigen: The immune sera of 4. 16. 24 and 42 days post infection show 
considerable difference in membrane antigenic polypeptides. The membrane antigen of 
liver origin does not show any responce with 4 days post infection sera while membrane 
of lung protocoleces showed two antigenic polypeptides. The 16 days post Infection sera 
positively reacted with 8 and 6 antigenic polypeptides of lung and liver origin respectively 
with considerable variations In their molecular weights. There was a decrease In number 
of antigenic polypeptides with 24 days post infection sera In comparison to 16 days post 
Infection sera. But contrary to this, with 42 days post infection sera the number of 
antigenic polypeptides again Increased and 21 and 15 polypeptides were observed in lung 
and liver origin respectively. These results were confirmed with 0 days control sera. 
The antigenic polypeptides of surface plasma membranes and soluble antigens of 
both the origin, detected by varying post infection immune sera along with their apparent 
molecular weights are given in Table 13. It was observed that those antigenic polypeptides 
which give positive reaction with 4 days post infection sera dose not necessarily react with 
16.24. and 42 days post Infection sera. Similarly sopie of the antigenic polypeptides which 
are detected with 16 days post infection sera were found absent with 24 days p ^ t Infec-
tion sera. Only 36 KD antigenic polypeptide of membrane of lung protoscoleces gives 
positive reaction with both 24 and 42 days post mfection sera, while those antigenic 
polypeptides which were detected by 24 days post infection sera were found absent with 
42 days post infection sera and vice versa ( Fig. 11.14). The cyclic changes In IgG response 
can be correlated with tegumental turnover mechanism of cestodes. In the present 
experiment dilution factor although remain constant for both the primary €md secondry 
antibodies, but some antigenic polypeptides give dark and some light color Indicating 
qualitative differences In antigenicity of the polypeptides. 
Further, this study provides an Indirect evidence that in this parasite there is a 
possible antigenic polymorphism with respect to the development of the parasite as 
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Table 13- Antigenic polypeptides of total homogenate and membranes of pro 
toscoleces with their apparent molecular weight in KD. 
Antigen 
Homogenate 
(lung origin) 
Membrane 
(lung origin) 
Homogenate 
(liver origin) 
Membrane 
(liver origin) 
0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• 
• 
• 
-
-
-
-
-
-
4 
87 
60.0 
31.0 
-
-
-
-
-
-
-
-
-
>94 (2) 
-
-
-
-
-
-
-
-
-
-
.94.0 
87.0 
60.0 
35.0 
Post Infection immume sera 
16 
87 
60.0 
47.5 
-
-
-
-
-
-
-
-
-
87.0 
62.0 
47.0 
32.5 
28.5 
27.0 
20.0 
«14.4 
-
-
-
87.0 
35.0 
-
-
-
-
-
-
-
-
94.0 
67.0 
60.0 
42.0 
36.0 
31.0 
-
-
24 
.94 
40.0 
37.5 
36.0 
34.0 
29.5 
22.0 
21.0 
20.0 
-
-
-
40.0 
36.0 
-
-
-
-
-
-
-
-
-
.94.0 
87.0 
42.5 
30.0 
-
-
-
-
-
-
55.5 
41.0 
-
-
-
-
-
-
42 
>e4 (2) 
85.0 33.5 
80.0 30.0 
71.0 28.0 
67.0 27.0 
604) 26.0 
51.0 22.0 
48.0 21.5 
45.0 20.5 
40.0 16.0 
39.0 15.0 
35.5 15.5 
.94(2) 
62.0 28.0 
50.0 26.0 
43.0 25.0 
42.0 23.0 
38.0 22.5 
36.0 22.0 
35.5 16.0 
34.0 15.0 
33.5 14.5 
* 32.5 
.94.0 37.0 
82.0 35.0 
75.0 33.0 
65.0 32.0 
57.0 31.0 
55.0 30.0 
52.0 28.5 
49.0 24.0 
44.0 23.0 
42.0 22.0 
»94.0 30.0 
94.0 28.0 
71.0 25.0 
69.5 23.0 
47.5 22.0 
43.0 21.5 
39.0 21.0 
36.0-
(n)-Value In parantheses indicates No. of polypeptide. 
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revealed by the IgG response of various post Infection Immune sera. 
It can be concluded from these results that membranes possess highly antigenic pol-
ypeptides with some marked quantitative as well as qualitative differenced in the 
protoscoleces of lung and liver origin. In addition to this there are some weak and strong 
antigenic polypeptides showing a cyclic Immune response. 
r> 
[DISCUSSION 
In the present study an attempt has been made to characterize the surface plasma 
membranes of protoscoleces Isolated from the hydatid cysts of lung and liver of bufTalo, by 
analysing the membrane bound marker enzymes, biochemical composition, protein 
profile and its antigenicity. McDlarmld. £i aL (1983) pointed out. " in the studies of 
membrane purification it is necessary to have a marker for identliylng the purity of the 
membrane fractions. This is usually accomplished by using enzymes unique to the 
membranes being isolated". Previously it has been reported that the brush border plasma 
membrane of cestode tegument contains various membrane bound enzymes like ATPase. 
5*nucleotldase, acid and alkaline phosphatases. Review of the literature on n\embrane 
characterization of helminth parasites revealed that the surface plasma membranes were 
mostly studied In Intact worms (Pappas, 1980 ). 
However numerous techniques have been developed for the isolation of the cestode 
brush border plasma membrane using various non ionic detergents (Knowles and Oaks, 
1979: Gamble and Pappas. 1980; 1981 a. b; Pappas 1981: McManus and Barrett 1985 ). 
And they have characterized the membrane rich fractions by analysing the membrane 
bound marker enzymes. 
In the present study, surface plasma membranes were Isolated by using0.2 % Trlton-
X 100. It was noticed that with 10 mln detergent treatment appreciable yield of protein was 
obtained with least cytosollc and mitochondrial contaminations. Similarly. Pappas (1981) 
and McManus and Barrett (1985) have successfully removed the tegumental surface of H. 
dlmlnuta and horse origin protoscoleces of E. granulosus respectively using 0.2v% Triton 
- XIOO. but the amount of peripheral and externally exposed integral protein yield was 
found to be low. Similarly the yield of membrane protein of amphlstomes was also very low 
after 1 % Trlton-XlOO treatment as compared to other detergents (Khan. 1991). Tlie 
differences In the concentration of Triton - X 100 and Its relations with the protein yield 
may be due to varying effect of this detergent on the molecular characteristics of tiie 
membrane. As reported by Duchan and Collier (1971) the membrane from other organ-
\J --J 
Isms may undergo rapid and complete sohiblizatlon at less than 0.2 % Trlton-XlOO 
concentration, whereas In RBC ghost only certain molecules may be selectively solublized 
at different concentrations ( Riepl and Vidaver,1978). Thus. It Is clear that Trlton-XlOO. 
Induces variable solubllzation effects on the membrane of organisms. 
In the present study the activity of membrane bound marker enzymes like alkaline 
and acid phosphatase,Mg*^ dependent ATPase, 5'nucleotidase and Y-glutamyi transpep-
tidase were found significantly higher in membrane material of both the origin In compari-
son to total homogenates. Further, alkaline phosphatase activity was found exceptionally 
higher in the membranes of lung origin protoscoleces while Mg** dependent ATPase, 
5'nudeotldase*and Y-glutamyl transpeptidase activities were found higher in membrane 
of liver origin protoscoleces. Similarly McManus and Barrett (1985) have also character-
ized the brush border membrane of horse origin protoscoleces of E, granulosus by 
analysing membrane bound marker enzymes like acid and alkaline phosphatases, 
ATPase, and 5'nucleotldase. The quantitative differences in the enzyme activities of lung 
£md liver origm protoscoleces can be attributed to the habitat differences. 
Since the tapeworms lack a digestive tract, the assimilation of material from the 
micro environment must take place across the tegument. The appreciably higher quan-
tities of membrane bound enzymes in the brush border of protoscoleces reflect its 
important role in various metat>ollc processes like absorption, excretion and contact 
digestion. Presence of acid and alkaline phosphatases are often Indicative of membrane 
transport mechanism (Barrett, 1981). while the presence of 5'nucleotldase activity reveals 
their Important role In the conversion of nucleotides to nucleosides prior to their absorp-
tion through plasma membrane. The nucleoside uptake across the tegument has been 
reported in helminth (NoUen, et al.. 1973. 1974 ). 
ATPase has proved to be another very useftil marker enzyme for mammalian plasma 
membranes (Evans. 1982) and for the brush border plasma membranes of H. dlmlnuta 
(Gamble and Pappas. 1981; Pappas and Narclsi. 1982 ) and protoscoleces of E. granulosus 
McManus and Barrett, 1985). Similar to the present study Mg*^  activated ATPase has also 
been reported from the surface plasma membranes of other helminths (Podesta and Mc 
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Dlarmld. 1982: Noel and Scares De Moura. 1986). The Y-glutamyl transpeptidase another 
membrane bound enzymes of Y-glutamyl cycle, which help In the transport of amino acids 
across the cell membrane, showed significantly higher activity In membrane Isolates as 
compared to the total homogenate. 
The results of the biochemical composition reveals that the surface plasma mem-
branes of both lung and liver origin protoscoleces possess appreciable amounts of lipids 
followed by proteins and sialic acid. Generally the plasma membranes contain greater 
amount of protein than lipid and the ratio of lipid to protein exists approximately as 1:1.5 
. Since very less Information Is available on biochemical composition of helminth surface 
membranes, therefore It Is dlflflcult to ascertain the exact reason for the Increased amount 
of lipids In surface plasma membranes of protoscoleces under study. However, It is 
generally accepted that the membrane dissociates in the detergents and reconstitutes 
after the removal of detergents (Benedettl and Emmelot. 1965 ). The reconstituted 
membranes contain only half of the protein found in the original membranes of Myco-
plasma laidlawll (Razln.eLaL 1965 ). Thus it can be suggested that the recovery of less 
protein content In the membranes of protoscoleces may be due to the effect of detergent 
. Similarly less protein yield has also been obtained In the surface plasma membrane of 
amphlstomes after various detergent treatments (Khan, 1991). The lower amount of 
protein as compared to lipid In the present study may also be due to the loss of peripheral 
proteins which are believed to be associated with the polar head groups on the outer face 
of lipid bllayer and are known to dissociate easily by mild treatment (even by slight change 
of pH) and generally dissolve in water In non aggregated form, while integral proteins can 
only be Isolated by more drastic treatments Involving extensive disruption of the mem-
brane by detergents (Harrison and Lunt. 1980). 
The protein and lipid ratio of surface plasma membranes of lung and liver origin pro-
toscoleces were found to be 1:2.4 and 1:4.03 (protein : lipid) respectively. Contrary to this 
Mills etaU 1984) have obtained 52 % protein and 32% lipid in surface plasma membrane 
of T. taeniaeformls larvae. There are three possible explanations for the differences which 
exist In protein to lipid ratio In two membrane isolates of protoscoleces as well as those 
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reported by Mills ct al. (1984). The first may be due to the innuence of habitat. Since liver 
Is known to be Involved actively In fatty acid transport and distribution therefore It Is 
possible that higher lipid contents In the membranes of liver Isolates may be of host origin. 
The second possible reason Is probably because of the use of different techniques for the 
estimation of total lipid content. Mills et al. (1984) have simply taken the dry weight of 
membrane lipid allquots. while In the present study the lipid was estimated by spectro-
photometrlc methods. 
The third possible reason for the differences in the lipid content in the membrane 
isolates of two different origin may be due to the two different strains. As shown by 
McManus and Smyth (1978) that the amount of lipids varies between different species of 
Echlnococcus and even between different strains of the same species. 
Further differences were also observed in lipid fractions In the two membrane Isolates 
under study. The quantity of cholesterol, phospholipid, and triglyceride were found In 
remarkably higher quantities in the membranes of liver origin while lung origin mem-
branes contain slightly higher quantity of free fatty acid as compared to the membranes 
of liver origin protoscoleces and hence the cholesterol : phospholipid ratio also shows 
differences in the membranes of the two Isolates. 
It has been suggested that, cholesterol causes condensation of phdsphollplds, 
possibly by way of an equlmolar cholesterol phospholipid complex in the membranes of 
other cells Van Deenen (1965). Similarly. Winkler and Bungenberg de Jong (1974) also 
visualized cholesterol as stabllzing arrays of the phospholipid molecules in the red cell 
membrane, which also exlhlblt a molar ratio of cholesterol to phospholipid close to unity. 
Thus the Importance of cholesterol and phospholipids of the membrane led us to 
investigate these components in further detail. 
The presence of appreciable amounts of triglycerides in the plasma membranes of 
protoscoleces suggest that these non polar lipids are either artifact of the membrane 
preparations or are In the process of transport. Mills, et al. (1984) have also reported the 
presence of triglycerides In the tegument fraction of T. (aenlae/brmls. Since our model of 
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plasma membranes Is dependent on amphipathic lipid constituents, the location and role 
of triglyceride Is not clear. Therefore any functional aspect of this lipid fracUon In 
protoscoleces plasma membranes cannot be proposed at this stage, and further studies 
are certainly required to ascertain their role. 
Quantitative differences In phospholipid fractions were also noticed In membranes of 
both lung and liver protoscoleces. However, the order of the major fractions were found 
same In both the Isolates which were as follows, phosphatidylcholine » phosphatldyletha-
nolamlne »lysophosphatldylchollne » Lysophosphatldylethanolamlne. Similar results 
have also been reported by Oaks.et al. (1977) and Mllls.et al. (1984) in brush border of H. 
dlmlnuta and T. taenlaejormls respectively, however species specific differences were 
noticed in all the components. The phosphatidylethanolamlne are generally present at the 
cytosolic sides of the plasma membrane, while choline containing phospholipid ( 
phosphatidylcholine ) are present on opposite sides, located externally ( Harrison and 
Lunt. 1980). Smce. the phosphatidylcholine Is the major phospholipid of other biological 
membranes while phosphatidylethanolamlne is known to be intermediate in the synthe-
sis of phosphatidylcholine (Webb and Mettrlck. 1973). It has been suggested by Kreler.£t 
aL (1966) and Seed and Kreier (1969). that some phospholipids are Involved in the 
immune mechanism. Therefore, occurrence of phospholipids in protoscoleces and their 
possible role in Immunity can not be overlooked. Several investigators favour the idea that 
phospholipids may be involved in the transport of ions across the membrane lipid barrier. 
Chrlstensen and Hasting (1940) concluded that crude cephalins can bind Na* and K*. In 
a model system the passage of ions under the Influence of membrane constituents have 
been proposed by many workers. They observed that phosphatidylethanolemiine could 
serve as a carrier between two aquous phases affecting a counter flow of K* and Na* 
(Hoffman, £ taL 1959: Schulman and Rosano. 1962: and Rosano.gLMx 1962). 
It has been suggested that the phospholipid contribute in many respect in the 
function of various enzyme systems located In or at the membrane, like energy -
transducing reactions or the active transport of cations. Specifically these lipids them-
selves play a role as carriers in the active or facilitated membrane transport of sugar and 
amino acids. Besides these functions, a number of workers have also suggested the role 
of phospholipids in the biosynthesis of protein (Gaby and Sleberman. I960: Godson etal. 
1961: Hunter and Goodshall. 1961: Hendler. 1961). 
Quantitative differences in sialic acid have been observed in membranes oflung and 
liver origin protoscoleces. Sialic acid in liver origin membranes was found 2.8 fold greater 
than that of membrane isolated from lung origin protoscoleces. The presence of appre-
ciable amount of sialic acid in the surface plasma membranes clearly suggests their 
possible role in contributing to the anionic nature of the membranes. It Is suggested that 
the sialic acid moelty Is an integral part of the gangliosldes. although gangliosldes are 
predominantly present in the nervous tissues (Mcllwaln 1964). The other possible site of 
the presence of sialic acid is glycoprotein and glycoUpids which have been reported from 
surface plasma membranes of many parasites (Cohen & Warren). The occurrence of sialic 
acid In surface plasma membranes of trematodes has been reported by a number of 
workers (Simpson and Smithers, 1980; Samuelson and Caulfleld. 1982 and Mc Dlarmld 
and Podesta, 1984: Khan. 1991). The possible ftmction of the sialic acid in helminths may 
be in immunoprotection as glycocalyx Is primarily Involved in the protection from t^he host 
Immune responses by a variety of mechanisms Including decreased cellular adhesion and 
also protection from the effects of complement. 
Threadgold (1976) has also shown that the glycocalyx of F. hepattca Is a labile struc-
ture, composed of glycoproteins, with projecting side chains of oligosaccharides and gan-
gliosldes, both bearing terminal sialic acid and other acid residues. While Smyth and 
Halton (1983) have suggested that the carboxyl groups of these acids Import a net negative 
charge to the tegumental surface which accounts for its strong affinity for catlonlc stains. 
The glycocalyx coat is also known to play an important role in protection, absorption and 
immunological properties of the tegument in trematodes. Like trematodes the pro-
toscoleces can survive for longer period and It might be expected that the molecular 
mimicry which appear to operate In Schistosoma spp. and Faclola spp. would also operate 
In protoscoleces. 
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The surface plasma membranes isolated by Triton X-100. and were subjected to gra-
dient SDS PAGE, resolved Into various polypeptides depending upon the gel staining 
procedure. The protein profiles of membranes were compared with the respective total 
homogenates of protoscoleces. It was found that the number of polypeptides in total 
homogenate were greater than their respective membrane polypeptides. The three 
polypeptides having molecular weight range of 30 - 43 KD were predominantly present in 
both the membrane Isolates, while in their total homogenates these polypeptides were not 
distinctly separated. The possible reason could be their low concentration in total 
homogenates. The protein profile of the membranes and their respective homogenates of 
protoscoleces of lung and liver origin show differences which may be a consequence of 
niche segregation or due to differences In the physlco - chemical nature of the habitat. 
A total of 32 and 28. CBB R - 250 positive polypeptides were observed In the mem-
branes of lung and liver protoscoleces respectively. In the lung Isolates five characterstic 
polypeptides of surface plasma membranes (Mr : one « 14.4. 49. 74 and two » 94 KD) were 
observed, which were absent in the liver isolates. While only a single polypeptide of 43 KD 
was found specific in the membrane of liver origin . In addition to this, some fundamental 
homologies In membreme liound protein were observed which highlight the fundamental 
similarities of the parasite surface. In the present study most of the polypeptides ranging 
from molecular weight«14.4 KD to » 94 KD were common in both lung and liver membrane 
isolates. Similarly. McManus and Barrett (1985) have also reported 2-3 Intensely stained 
polypeptides In the range of Mr : 33 - 39 KD along with several other polypeptide ranges 
from « 14.4 KD to» 200 KD molecular weight, in membrane fraction of protoscoleces of E. 
granulosus isolated from liver hydatid cyst of horse. On comparing the polypeptide profile 
of lung and liver origin membranes with the protein of other cestodes brush borders, a 
number of similarities were observed. Knowles and Oaks (1979) and Mills et iU. (1984) 
have demonstrated a totsil number of 33 polypeptides In membrane fraction of H. dlminuta 
and T. taenlqformls larvae ranging from 12 to 23 » KD and 9 to 2 » 6 KD respectively. 
Similarly Pappas. (1983) identified 30 polypeptides of molecular weight ranging from«14 
' KDto300KD In brush l)order ofH. diminuta. Further Atkinson and Podesta(1982) Iden-
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tlfled 17 major polypeptide of molecular weight « 100 KD. In the brush border of H. 
dimlnuta. In another study on protein polymorphism of surface plasma membrane of 
Spirometra mansonoldes spargana , 20 polypeptides were Identified by Frlednian.ct al. 
(1980). The close similarities in the protein profile of brush border membranes of lung and 
liver origin protoscoleces as well as other cestodes mdicate that there may be some 
fundemiental homologies in the cestode teguments which define the fundamental role of 
the parasite surface. One such role could be the mechanism whereby the parasite is able 
to evade the host enzymes and Immune defense responses. The other could be a reason 
for cross reactivity if the common peptides are antigenic. In order to ascertain this view 
further studies are definitely required in the immuno cross reactivity experiments. 
However the number of demonstrable polypeptides In any species probaly depends 
upon the sensitivity of the analytical techniques. For example, the number of polypeptides 
both In membrane as well as in total homogenates varies when the gels were stained either 
by CBB R 250 or by silver staining. These differences may be due to the sensitivity of the 
particular dye and their binding capacity with different proteins. It has been suggested by 
Irie ct a!.. (1982) that silver staining is less sensitive with basic proteins as compared to 
the neutral proteins. Porro et a l - (1982) found silver stain to be sensitive enough to detect 
0.03 ng bovine serum albumin and 0.05 ng ovalbumin. With silver staining slaloglycopro-
teln and lipoprotein were also detected while CBB R 250 was not sensitive for the 
conjugated proteins ( Dzandu et al.. 1984 : 1985 ) and probably these are the reason for 
an Increase In the number of the polypeptides as visualized by sliver staining In 
comparison to CBB R 250 staining. 
The results obtained by Immunoblottlng experments in which soluble and mem-
brane antigens of protoscoleces of lung and liver origin were used. The Immune serum was 
coUected on 4, 16.24 and 42 days post Infection from puppies experimentally Infected with 
the protoscoleces and used as source of primary antibody, while antl dog IgG conjugated 
with alkaline phosphatase were used as secondary antibody. The results indicate that tiie 
number of antigenic polypeptides recognized by various post Infection sera Is different and 
highlight some important asf)ect of immune responses associated with E. granulosus, as 
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can bee seen from Table 11. The minimum and maximum number of antigenic polypep-
tides were detected with 4 days and 42 days post Infection sera respectively. The other 
Interesting feature Is that in both the membranes there was a sudden decrease while In 
soluble antigen there was an Increase In antigenic polypeptides with 24 days as compared 
to 16 days post infection sera. The possible reason for decrease In the antigenic 
polypeptides of membrane with 24 days post infection sera may be due to the fact that the 
nature of surface antigen changes as tegumental turnover Is a well known feature of 
helminths ( McLaren 1980: and Perz and Terry. 1973). Contrary to this, the response 
obtained by early days post infection sera I 4 and 16 days ) either gives no results or very 
few antigenic polypeptides were detected. Particularly 16 days post Infection sera give 
Inconsistent results. The available information on serum antibody response to the 
tapeworm of gastrointestinal infections of canine host suggests that the antibody In 
serum from dogs infected with E. granulosus precipitated on the scolex and genital pore 
region of this cestode as revealed by using indirect IFA technique. Precipitates were not 
detected with 0 - 14 days infection sera but inconsistently observed between 14 -28 days 
post infection sera. The pronounced reaction were observed with 42 days post infection 
sera, (Movseslgan and Mladenovlc 1971 ). Similarly Herd.et al.. 1975 ) were unable to 
detect precipitation up to 38 days post infection sera with E/S antigen by using gel 
diffusion technique. This may be due to the fact that gel diffusion is a relatively Insensitive 
technique. Further Heath and Lawrens ( unpublished results) have shown that the 
antibody to E. granulosus worms can be detected in the serum of Infected dogs within two 
weeks after infection using excretory / secretory antigens by ELISA technique. Al-Khalldl 
(1982) explained the absence of IgG levels from the serum in the early phase of Infection 
due to the active participation of IgA during this period and proved an evidence for the 
occurence of IgM and IgA in the faecal matter. 
It has been observed from the present result that the membranes of lung origin are 
more antigenic than the liver as the number of antigenic polypeptides are more in lung 
origin membrane. Besides this the intensity of alkaline phosphatase reaction is pro-
nounced in lung membrane Immunoblot, although dilution factor Is common in both. 
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Finally no reaction was observed In membrane of liver origin with 4 days post Infection 
sera while two antigenic polypeptides were observed with 4 days post infection sera in 
membrane of liver origin. The lung isolate shows 21 antigenic polypeptides while liver 
isolate shows 15 antigenic polypeptides with 42 days post Infection sera. This leads us to 
the conclusion that the lung Isolates possess more antigenic components them the liver 
Isolates. 
It can be surmised from the present results on the biochemical composition, protein 
profile and circulating antibody response on the protoscoleces isolated from the lung and 
liver of buffalo that the differences in two isolates may be due to the habitat difference or 
It may be related to different strain of the parasites. Intraspeciflc variations were 
demonstrated in the protoscoleces isolated from the hydatid cysts of two dlffemt animals 
or from the same host of two different geographical regions, showed marked differences in 
rostellar hook organization, in vitro andJn vivo development, pre patent period, protein 
profiles, metabolic differences as well as in the genomic makeup (Smyth and Davles. 1974 
: Le Rlche and Sewell. 1978 : McManus and Smyth 1978 : 1979 : KumartUkc etal . . 1979 
: McManus 1981 ; Mcpherson and McManus. 1982 : Thompson 1982 ; KumartUke and 
Thompson 1984 ; McManus and Mcphersom 1984; Baldock etal.. 1985; Macpherson and 
Smyth, 1985 ). 
Smyth and Davles (1974) reported the physiological and nutritional strain of E. gran-
ulosus on the basis ofin vitro culture studies. They also reported that British Jiorse strain 
failed to grow In la vitro while the sheep strain developed readily in an Identical culture 
medium, since they have different physiological and metabolic requirements. 
At this stage it Is difllcult to Interpret the differences In the results of the present 
study on the basis of strain differences. Further studies are in progress on these lines to 
.explain the differences. 
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iSUMMARY 
In the present study some aspect of the membrane biology of lung and liver origin 
protoscoleces of E. granulosus, have been Investigated. For the isolation of surface plasma 
membranes Triton XlOO was used. Membrane yield of protoscoleces of both the origin 
were found more or less similar as revealed by their protein recovery. The cytosolic and 
mitochondrial contaimlnation of membrane pellets were monitored by lactate dehydroge-
nase (LDH) and succinic dehydrogenase (SDH) respectively. Further the enriched mem-
brane pellets of lung and liver protoscoleces were characterized by the assay of some 
membrane bound marker enzymes, biochemical composition, protein profiles and the 
antigenicity. 
Quantitative differences In the level of primary marker enzymes were observed In the 
membranes of protoscoleces of both the lung and liver origin. The alkaline phosphatase 
activity was exceptionally higher in membrane of lung origin protoscoleces while ATPase 
5' nucleotedase and Y - glutamyle transpeptidase activities were found higher In mem-
brane of liver origin protoscoleces. Contrary to this no quantitative difference was 
observed in the activity of acid phosphatase in surface membranes of both the Isolates as 
well as with their respective homogenates. 
Quantitative differences were also noticed in the major biochemical components like 
protein, lipids, lipid fractions, phospholipid fractions, and sialic acid. The level of total 
lipids was found higher than protein in surface plasma membrane in both the isolates. 
Among lipid fractions, phospholipids and triglyceride were major lipid fractions of surface 
plasma membrane. While among phospholipid fractions, phosphatidylcholine and 
phosphatldylethanolamlne were the major fractions. Further unknown phospholipids 
(62.1%) was higher In membrane of liver origin protoscoleces. Higher concentration of 
sialic acid was found in Uver origin protoscoleces. 
The results of the protein profile study by SDS gradient polyacrylamlde gel electro-
phoresis also revealed some basic differences when gels were stained either by C3B R 250 
or silver staining technique. With CBB R 250 dye 32 and 28 polypeptides were resolved in 
lung and liver Isolates of membrane respectively. Some specific polypeptides (Mr : one 
each « 14.4. 49. 74 and two » 94 KD were found specific to lung origin membrane. While 
only a single polypeptide of 43 KD was found specific to membrane of liver origin 
protoscoleces. Due to the higher sensitivity of silver staining there was an Increase in the 
number of total polypeptides In the membrane of both the Isolates. Some of the 
polypeptides of {Mr : one each « 14.4. 31.5 and » 94 KD) were found specific to lu^g origin 
membrane isolates while polypeptides of (Mr : 14.4 22. 44 and three » 94 were found 
specific to membrane isolates of liver origin. Protein profiles of membrane were compared 
with their respective total homogenates. And it was observed that in total homogenates 
number of polypeptides were greater than membrane isolates, with both the staining 
procedure. 
Antigenicity of both the membrane isolates was investigated by immunobloting using 
sera collected from experimentally infected pups at different Intervals as source of primary 
antibodies. While seconadry antibodies, anti dog IgG (whole molecule) conjugated with 
alkaline phosphatase was obtained from Sigma Chem. Co. USA. Pronounced differences 
were observed in antigenic polypeptides of the membrane Isolated from protoscoleces of 
both the origin. With 4 days post Infection sera lung origin membranes give two antigenic 
polypeptides, while membranes of liver origin give no response. Similarly wltlr 16 days 
post Infection sera 8 and 6 antigenic p>olypeptldes were observed. 
However with the 24 days f>ost Infection sera there was a reduction in the antigenic 
polypeptides while the number dramatically increased with 40 days post Infection sera. It 
is evident from these results that the circulating IgG during the course of infection show 
considerable difference in the affinity with the antigenic polypeptides, this may be due to 
the antigenic polymorphisim as tegumental turn over is Important phenomena of 
helminth parasites. It can be concluded from these results that the lung protoscoleces 
membrane are more antigenic than the liver membrane. It is difilcult to assign any definite 
reason to the differences in the membranes of lung and liver origin which has been 
observed In the present study. This may be due to the developement of different strain or 
may be due to the Influence of the habitat. Fruther studies are in progress on these line. 
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